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America. Strict adherence to formula and aie 
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DETERIORATION OF STRUCTURAL STEELS IN THE 
SYNTHESIS OF AMMONIA 


By J. S. VANICK 


Abstract 


The introduction, in the United States, of mtrogen- 
fixation by means of the synthesis of ammonia from tts 
gaseous elements hydrogen and nitrogen at a temperature 
of 932 degrees Fahr. (500 degrees Cent.) and a pressure 
of 100 atmospheres (1500 pounds per square inch) re- 
vealed a lack of information of the effect of the gas mix- 
lures upon metals. 

The plan carbon steels quickly showed their sus- 
ceptibility to deterioration. Early work found some 
degree of suecess in @ chromium-vanadium steel of the 
0.30 per cent carbon, 1.0 per cent chromium, 0.18 per ceni 
vanadium type and this steel was used up to the time 
the work described was undertaken. 

Ten commercial steels, subjected to the working con- 
ditions of 932 degrees Fahr. (500 degrees Cent.), 100 
atmospheres pressure and 8.3 per cent ammonia, on a 


laboratory scale, yielded the important results that 
oms, ; 
olled, shou é d 
Cold (a) 


The carbon content should be low 
‘olled 


(b) Increasing chromium was helpful 
(c) Tungsten was useful. 

A second test was made upon a series of chromium- 
vanadium steels in which carbon was varied from 0 to 
1.15 per cent, chromium from 0 to 14 per cent, and vana- 
dium from 0 to 0.65 per cent. The tests showed that; 

a. Low carbon was desirable 

b.: Vanadium gave no perceptible improvement 

Chromium in the amount of 2.25 per cent stopped 


1 by permission of the director of the Fixed Nitrogen Research Laboratory, 
» D. G. 


The author, J. S. Vanick, is consulting metallurgist for the Fixed Nitro- 


gen Research Laboratory, Washington, D. C. 
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selectwe penetration and intergranular 
ing and limited the depth of penetration 
tolerable extent. 

An explanation of the mechanism of the deterior 
of the steels 1s advanced. From the facts that oride; 
reduced, carbides are decomposed, and nitrides fo 
in the chromium steels after a slight decarburization 
been achieved, an explanation of the mechanism o/ 
deterioration is advanced which regards ammonia as 
active corrosive, and the metal as a porous filter wi 
permits an ammonia enrichment to a destructiv: 
centration. 


ee such as the direct synthesis of ammonia fro 


hydrogen and nitrogen, which require a combination of | 

























pressures and high temperatures, present unusually severe requir 
ments for structural materials. The synthesis of ammonia 
sarried out at temperatures of approximately 932 degrees F 
(500 degrees Cent.) and at pressures of from 100 to 1000 at) 
pheres, 1500 to 15,000 pounds per square inch. The combina 


‘ 


of such pressures and temperatures, bad enough in itself, is » 
dered more severe by the corrosion or deterioration of the met 
due to the action of the gases, and the consequences of failures 
service of such a system containing an inflammable, explosiy: 
such as hydrogen, are obviously of a very serious nature. <A\ 
able data’ on the physical properties of structural steels at elevated 
temperatures indicate that the combination of temperature 
pressure is serious but can be handled provided corrosion 01 
terioration of the steels is eliminated. 

This paper is concerned with the deterioration, during 
synthesis of ammonia, of materials which originally possessed | 
requisite physical properties. Two previous papers have descr! 
the deterioration of steel and wrought iron tubes in hot gase 
ammonia’, and the deterioration of several metals in hot reducing 
ammonia gas*. Microscopic examination, supplemented by tens 








tests before and after exposure, showed that wrought iron, 1 
steel, copper, nickel and certain alloys all deteriorated rapid 


1Bureau of Standards Technological Paper 205. 





**Deterioration of Steel and Wrought Iron Tubes in Hot Gaseous Ammonia 
Vanick: Transactions, American Society for Steel Treating, Vol. 4, 1923, p. 62 





**Deterioration of Some Metals in Hot Reducing Ammonia Gases’, by J. 8. ' 
Proceedings, American Society for Testing Materials, Vol. 24-2, 1924, p. 348. 
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- nosed to gaseous mixtures of nitrogen, hydrogen, and 
monig under the conditions which prevail in either the synthesis 
racking of ammonia. 

These results may be summarized as follows: In the synthesis 
mmonia at 100 atmospheres pressure and 932 degrees Fahr. 


devrees Cent.) most of the metals tested were seriously im- 


nonia froy 
lon of higl 


re requir 










































mmonia 
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O00 atmos 

ombinat Fig. 1—Test Cylinder. Approximately One-Fourth Size. 

elt, Ss I jred through intergranular fissuring. These failures and the one 
the ont oteworthy ease of resistance to attack (shown by a chromium- 
railures ‘kel-silicon-iron alloy) led to the following conclusions: 

‘Plosis 1. The removal of elements such as carbon or oxygen or their 
ire. AN ompounds through reaction with hydrogen encourages voiding and 
at elevat suring, While the presence of chromium in forming more stable 
ee nitrides and retarding the diffusion and penetration of the gas, 
a o issists In resisting deterioration. 

2. Fissuring is induced by dissolved hydrogen, made soluble 
during activation from infiltration through the metal or by release 
aRCRECC | from ammonia which is rendered unstable in contact with the 
ve descr! italytie metal surfaces. 
hot gase 3. The more rapid diffusion and effusion of hydrogen, in 
ot reducing ntrast to the other gases of the mixture, permits an ammonia 
by tens enrichment to the extent of developing a localized super-equilibrium, 
| . — with the alternate formation and decomposition of nitrides as a 
e¢ rap . ] 





The resistance to deterioration shown by the chromium-nickel- 
‘ilicon-iron alloy suggested further tests of a number of 
‘tromium steels and alloys. Test conditions were chosen to simu- 
ile operating conditions in the synthesis of ammonia, namely 932 
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degrees Fahr. (500 degrees Cent.), 100 atmospheres pres 
an ammonia concentration of 8.3 per cent in a gas 
hydrogen and nitrogen in the proportion of N,:3H,,. 
specimens were in the form of cylinders, one for each steel 


(*¢ 


as shown in Fig. 1, with a volume capacity sufficient], 
accommodate two tensile, two Charpy impact, and two e 


specimens of the shape shown in Fig. 2, the specimens ha 


— 


Fig. 2—Tensile, Corrosion and Impact Specimens for Test Cylind 
Reduced One-Half Size. 


same composition and preliminary treatment as the cylinder. ‘I! 
specimens were exposed on more than one surface to the actio! 
the hot gases, but were not subjected to the constant stress of | 
atmospheres pressure, as were the test cylinders. Each mater 
was to be exposed until failure of the cylinder occurred, or unt 
metal deterioration had progressed to a point where further ¢ 
posure would yield little additional information. 

The cylinders were arranged in a series of five parallel layer 
five cylinders to a layer. The assembly of specimens with electr 
heating coils and outer shell of boiler plate (raised to show 
interior of the assembly) and the complete apparatus, are sho 
in Figs. 3 and 4. In addition to the heating coils shown in Fig 
grids at the top and bottom of the assembly provided for tli 
ing of the nest of cylinders from all sides. The temperature | 
controlled by means of iron-constantan thermocouples suita)! 





————— 


inder 


ler. ‘The 
e action ( 
ress of li 
h mater! 
d. or unt 


Further ex 


illel layers 
h electrica 


» show tl 


are shown 


1 in Fig. 
yr the heat 


rature Was 


suitably 


DETERIORATION OF STEELS IN AMMONIA 


F 

3 
é 
} eae 
r 
3 
3 


Fig. 3-——-Assembly of Test Cylinders. 


cated. The outer shells were jacketed with magnesia and the 
eating arrangements were found to give satisfactorily uniform 
emperature, 

The auxiliary furnace, marked A in Fig. 4, consisted of a steel 
ylinder, capped top and bottom with heavy flanged joints and 
‘lectrically heated. Duplicate corrosion specimens exposed in this 
auxiliary furnace were examined periodically to indicate the prob- 
ible condition of the specimens in the main test bomb. 

The requisite concentration of ammonia in the test gases was 
obtained by first passing the gases under pressure through one of 
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the two catalyst bombs marked B in Fig. 4. The construct 
these catalyst bombs and the generation, purification and con 
sion of the gases has been described in detail elsewhere’. 


ammonia concentration of the gases was determined at the e 





Fig. 4—Complete Test Apparatus, 


each catalyst bomb and steel specimen furnace. Apparatus for t] 
sampling and analysis of the gas is shown at the left of Fig. 4. A 


flow meter indicated the amount of leakage from the high pressur: 


cylinders and connections into the furnace shell and a mercur) 
safety trap provided for the release of the pressure from accumu 
lated leakage or from failure of connections or rupture of a tesi 
cylinder. Emergency storage cylinders, whose tops appear in Fis. 
4, just back of the corrosion specimen furnace, were used in case 
of any interruption in the gas supply. 

No quantitative data on the ability of commercial steels t 


withstand the conditions of ammonia synthesis were available, 


*R. S. Tour: Chemical and Metallurgical Engineering, Vol. 26, 1922, p. 588. 
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n the choice of samples. Some work by Wheeler® indicated a 
n decided superiority of a chromium-vanadium steel, but Wheeler’s 
exposure tests were admittedly ‘‘far from quantitative and 
| could merely give a general idea of the effect upon different families 
of elements.’’ It will be shown later that short exposures may yield 

| ‘neonsistent if not misleading results. 
The first set of steel samples listed in Table I might be de- 


seribed as follows: 


Steel No. Deseription Usual Purpose 
31 Low carbon Carburizing 
32 High carbon Tools (lathe) 
3 and 40 = Nickel Forging-carburizing 
85 and 36 Nickel-chromium Forging 
and 38 Chromium, high and medium carbon Bearing-forging 
34 Chromium-vanadium lorging 
39 Tungsten-chromium lorging 


All of the steels were given an annealing treatment before 
being made up into bombs and specimens. They were then exposed 
to the N,:3H, gas mixture containing 8.3 per cent ammonia, a‘ 


Table I 
Composition of 10 Commercial Steels 








Serial Specification 
N S. A. FE. No. Co Mn P Ss Si Cr Ni \ W 
‘1 1020 0.19 0.48 0.008 0.038 0.1% 
1095 1.01 0.40 0.007 0.036 0.16 geo8 eo 
* 2330 0.24 0.52 0.008 0.0382 0.08 wie oa 3.43 Te. 
4 6130 0.30 0.68 0.012 0.024 G4 .26 0.98 ab ae 0.18 
r 3335 0.39 0.70 0.011 0.044 0.29 0.84 3.56 
6 3230 0.27 0.59 0.014 0.022 0.18 1.00 1.60 
] 52100 0.93 0.30 0.010 0.014 0.21 1.47 
8 5140 0.48 0.79 0.030 0.029 0.23 0.60 es Ce oi 
Y 7260 0.58 0.86 0.004 0.017 < achie 0.55 0.21 ‘ ‘ 1.62 
4 2°12 0.10 0.31 0.008 0.0238 0.31 eee ' 4.87 
s fol t} 
iF ‘ ~- e 
ig. 4. A 100 atmospheres and 932 degrees Fahr. (500 degrees Cent.), for 


_— four months. During this period, additional corrosion specimens 
mercury were removed from the auxiliary furnace at intervals of 1, 2 and 4 
— months to trace the rate of deterioration. After exposure, tensile 
of a - test specimens cut from the bomb walls and specimens compris- 
rin Fis. ing the charge in the bomb were tested in tension and impact. 


d in case earnannnd . 

Macroscopic and microscopic examinations were made of bomb sec 
| tions and corrosion specimens. Chemical analyses of the affected 

steels to : > ae : Pos : 

oh] zones of specimens were made in a few instances to check micro- 

ilable 


' : Wheeler: Transactions, American Institute Mining and Metallurgical Engineers, 


2, p. 257. 
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Fig. 5a—-Progress of Gases Into Nickel-Chromium Steels Nos, 85, 86; Lots I, I 
Represent Exposure of 2 Weeks, 1 Month and 4 Months Respectively. Rectangular § 
Each Corrosion Specimen is Mounted in Solder and Incased in an Iron Ring. 
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Fig. 5b—Progress of Gases Into Chromium Steels Nos. 87, 28; Lots I, II and III Repre- 
t Exposures of 2 Weeks, 1 Month and 4 Months Respectively. Rectangular Section of Each 
1 Specimen is Mounted in Solder and Incased in an Iron Ring 
I 
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scopic observations, and it was soon demonstrated that fina) 

ment could not be rendered on any one test or property alo: 

must be based on a composite of all the information availah 
Very little change was shown in any of the samples dur 

first two weeks. With longer exposures, fissuring and decar!| 

tion occurred. usually associated but sometimes independent ( 

other, and varying widely in degree or severity. Two types o| 


penetration were observed, the uniform or concentrically 1 





Table II 
Effect on Steels of 4 Months’ Exposure 


























Percentage of Percentage of Loss of st 
Steel Original Tensile Thickness of Per U; 
No. Strength Retained Bomb Wall Affected Ay 
Jomb Tensile Affected LOO-A 
Walls Specimen ( 








\ B 


31 105.0 76.0 18.0 : 

oz 18.7 32.4 13.0 1.1 
33 $1.0 71.0 49.7 383 
34 86.0 65.7 9.6 1.46 
35 69.6 44.4 10.9 3.09 
36 84.5 59.4 8.7 1.78 
37 17.7 36.9 17.0 3.08 
3s 65.1 54.3 27.8 1.25 
39 96.3 ROS None 

10 95.8 91.3 $2.9 OOS 





inward migration and the selective or tendril type of advance, th: 
latter being harder to detect or evaluate and consequently more dan 
gerous. The origin and progress of fissures along slag spills was 
frequently noted. Fig. 5 illustrates typical progress of the attack 
with time in the eases of four samples. Decarburization and pen 
tration are evident in the dark rims of the specimens, the affected 
area extending clear to the core in some cases. Microscopic fissures 
in some cases precede, and in other follow the deecarburization. Th 
tendril type of progressive decarburization is shown by sample 5». 

Fig. 6 illustrates the macrostructural appearance of sectioned 
bombs after exposure. The shaded areas show the depth of attack 
of the more thoroughly penetrated zones and differences between 
the high carbon, low carbon, chromium and nickel steels are clear!, 
evident. However, an estimate of the value of the steels cannot 
be based upon the macrostructural evidence alone, on account 0! 














DETERIORATION OF STEELS IN AMMONIA 


ince, th 
ore dan 
yills was 
le attack 
nd pen 
affected 
» fissures 
on. Th 
mple 3». 
sectioned 


of attack 


bet weed ¢. 6—Circular Sections (with Solder Core) of Test Bombs Showing Penetration, Marked 
J Blackened Zone, After Four Months’ Exposure. (a) Low Carbon Steel 31; (b) High 
e cedar, irbon Steel 82; (c) Nickel Steel 88; (d) High-Carbon Chromium Steel 37; (e) Low 


saat Chromium-Vanadium Steel 34. 
s cannot 


eount 0! 
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the occurrence of microscopic fissures which penetrate into 
parently sound areas. 

Kor this first set of specimens, the only reliably meas 
physical property was the tensile strength. The brittleness 
specimens, localized fissuring, and possibility of distortion ma 
determination of the proportional limit and other propertie 


Table III 
Order of Merit of Steels 
(4 months’ exposure) 


Percentage of Percentage of Loss of st on 
Steel Original Tensile Thickness of Per U; t+} 
No, Strength Retained Bemb Wall Affeeted A 
Bomb Tensile A ffected LO \ s d 
Walls Specimen ( 





B CU LD) 
31 1 3 | 
3 10 10 5 
4 9 







eult and reduced the security with which the results might hay 
. been interpreted. 

In general,-a marked decrease in strength and ductility 
shown after exposure to the gases. In addition to the loss in duct 
ity, expressed in the values for the elongation and reduction 









area, the decreased resistance to impact, represented by the Charp 


test data, testifies to the brittleness which exposure produced. ith 
A summary of the results of four months exposure are giv: sis 

in Tables II and III. Column C in these tables is of major i creat 

portance inasmuch as the resistance of the steel to penetratio! 

dominates the reasons for their subsequent adoption. Column | nt 


reveals an important item in the relation of chemical composition 
to resistance to penetration. Neglecting the chromium-tungste 
steel No. 39, it is apparent that the greatest resistance to penetra 
tion in the chromium steels occurs in the order of an increasi): 






chromium to carbon ratio, regardless of the presence of other « 
ments, viz. : 





















tility 
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Resistance to Penetration 


3. 1 


, 








s conclusion regarding the importance of the Cr/C ratio 1s 


stantiated by later experiments on chromium-vanadium steels. 
















Column D of the tables is a composite of columns A and C 
serves to indicate probable errors in the interpretation of 
lumn C, which is based upon microscopic inspection. If an 
homogeneous material were completely disintegrated or destroyed 
the depth of area microscopically observed, and no further, the 
residual strength per unit area should correspond to the original 
srength and the value in column D would be unity. Where this 
factor exceeds unity, as in the low earbon and certain chromium 
eels, it is evident that the effects of the gas had penetrated the 
etal beyond the limits of the observed affected area. Conversely, 
here this factor is less than unity, as in high nickel steel No. 
\\) there is definite residual strength in the affected area. 
A summary of all the data indicates that: 
In a comparison of the high and low earbon steels, the net 
sults indieate a lesser deterioration for the low carbon steels, al- 







| 


though specimens of both were penetrated to their centers after 
ir months exposure :— 


Nickel steels show a distinctive type of selective fissuring, 





eaching to the core of the specimen in some of the four month 


{ Yposures : 






Chromium steels within the low range of chromium, studied in 






lis series, also suffer from the treacherous ‘‘tendril’’ form of pene- 
tration. It appears that high chromium contents offered greater 





resistance to penetration, while higher carbon contents permitted 
vreater fissuring and voiding in the penetrated zone :— 
Nickel-chromium steels reflect the influence of both ele- 


1) ° 
ients 










The tungsten-chromium steel, No. 39, is apparently the least 
fected of ‘any in this group. Except for inter-granular fissures 
lose to the surface of this specimen, little evidence of attack by 
the gases was available. This composition is undeniably superior to 
's companions, notwithstanding an initially high carbon content. 
The improvement shown by an ordinary chromium-vanadium 
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steel over steels previously tested, suggested the possibility 
ing still more favorable results from a manipulation of 
principal elements in this steel, namely chromium, vana 
carbon. In view of the commercial availability of chrom 
dium steels, it seemed better at this time to follow this |; 


than the one suggested by the decided superiority of the | 


Table IV 


Compositions of 14 Chromium-Vanadium Steels 








Serial No 












Mn P Ss Si ( 


Chromium Series 























] O.3%4 0.39 0.017 0.0¥% 0.27 o.04 
2 0.'%u 0.538 0.015 0.011 O.16 0.51 
3 0.30 0.68 0.012 0.024 0.26 0.9 
4 0.31 0.48 0.011 0.011 0.12 2 OO] 
fh 0.33 0.37 0.028 0.013 0.26 7 4 
0 0.42 0.35 0.025 0.009 0.06 14.40 
Vanadium Series 
7 0.40 0.53 0.018 0.018 0.18 1.0 
s 0.3% 0.5% 0.018 0.018 0.%0 : 6 
v 0.380 0.37 0.020 0.0138 0.20 1.0? 
10 0.37 0.55 0.018 0.019 0.18 1. 
il 0.27 0.34 0.025 0.011 0.29 1.24 
Carbon Series 
12 0.16 0.55 0.023 0.023 0.34 E03 
18 0.58 0.68 0.011 0.017 0.23 0.7 
14 1.16 0.55 0.022 0.018 0.20 Lo 
**Stainless’’ Steels 
27 0.25 0.40 0.020 0.020 0,60 13.50 




















0.018 0.014 





tungsten steel in the experiments just cited. The compo 
chosen, as shown in Table LV, represent three series, in eac! 
which one of the three main constituents is varied while the ot! 
two are maintained constant. Two steels of the stainless type, \ 
27 and 28, were added to the list to expand the chromium 
to steels containing 21 per cent of that element. Samples o! 
commercial 0.30 carbon chromium-vanadium steel used in ea 
tests were included with each of these series for comparison. 
The samples were double annealed to release strains, as bef 
and were shaped into bombs and specimens which were exposed 
8.3 per cent ammonia in hydrogen-nitrogen gas at 9382 degr 
Kahr, (500 degrees Cent.) and 100 atmospheres pressure. ‘The « 
posure lasted ten months with periodic examination of auxil 
specimens. At the end of ten months, the bombs and specime! 
were removed and subjected to the routine procedure of tens! 
pact, macroscopic and microscopic tests. 
The fissured condition of many of the exposed tensile specime! 
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dieated that tensile data, if considered alone, would yield 


able information. Subsequent microscopic examination 







this expectation, showing that a confused mesh of fine in- 
ssures accompanied the coarse, readily apparent. fissures. 


cant exceptions were that chromium-rich steels 4, 5 and 6 












Table V 
Effect on Steels of 10 Months’ Exposure 




















Percentage of 
Original Tensile 
Strength Retained 


Percentage of 
Thickness of 
Bomb Wall 


Loss of strength 
Per Unit of 
Affected Area 


Bomb Tensile Affected LOO-A 
Walls Specimen lissured © 
\ B © 1D 








Chromium Series 






R65 +] 0.62 
R() 79.0 38 0.53 
70 66.0 20 1.32 
59.5 67.0 13 3.24 


62.0 


6: 


70 66 2% 1.32 




















79 14 22-71 0.94-0.29 
| 95 (1.0 21-84 0.24—0.06 
Carbon Series 
81 91 34 0.56 
70 66 23 1.32 
59 49 53 0.77 
{ i8 42 0.56 
Heat Treated Series (6 months’ exposure) 
\ 63 55 14 2.64 
R 86 66 14 1.00 
( S() 51 & 2 50 
1) R() 63 1] 1.80 






not contain fissures and that low carbon steel 12 showed only 
i tew small skin blisters. The better condition of these specimens 
‘attributable to the favorable chromium to carbon ratio in their 
‘omposition, or for steel 12 to the low carbon content. 

The embrittlement of the steels by the action of the hot gases 
‘clearly demonstrated in the ductility values. In most cases, the 
usion is less than two per cent and in many eases it is prac- 


ally zero, Table V summarizes the results for this series of speci- 


Fig. 7 
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Circular Sections 


(with 


Months’ Exposure. (a) Chromium 


Series, Steel 


(d) Chromium 
0.65 Per Cent V; 


No. 3, 0.98 Per Cent Cr; 
Series, Steel No. 6, 
(f) Carbon Series, Steel 


Solder 
Series, 


14.40 Per Cent 


Core) of 


Steel 


No, 


No. 


l, 
(c) Chromium Series, Steel No. 4, 
Cr; (e) Vanadium Se 


Chromium-Vanadium 


13, 0.58 Per Cent C, 


Steels 


0.04 Per Cent Cr; (b) 
2.01 Per 


ries, Stee 


( 


\ 
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It will be noted that consistent values for the percentage 
ected area appear only for chromium-rich steels 4, 5 and 6. 
‘hese values were determined by measuring the depth of the af- 
ected zones Which appeared in contrast to the apparently sound 
ortions of the deeply etched bomb walls, as shown in Fig. 7. 
\ 


Microscopie examination revealed the presence of fine fissures ex 


v7 





form 
Selective 


5. / ( rTP ere 


200 =~ Exposure in days 240 300 


Exposure in Days, Rate and Type of Deterioration of Chromium-Vanadium 


tending materially beyond this measured depth in all cases except 
the higher chromium steels. 
n steels 4, 5 and 6. 


Microscopie fissures could not be found 


Specimens containing more than 7 per cent chromium were 


‘olored blue after exposure in contrast to the dull gray of the 


remaining steels. The blue coloration is attributed to the formation 


of a nitride of chromium which was dissolved or in solid solution 
n the skin of the specimens, and which had penetrated in lony 


exposures measurable distances into the steels. The chromium steels 
showed no appreciable change in their basic structures as a result 
of the prolonged heating at 932 degrees Fahr. (500 degrees Cent.). 


Again in this series, both uniform and selective penetration 


noted. The rate and depth of penetration is presented 
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Fig. 9a-——-High Carbon Steel No. 14, Partly Decarburized and Badly Fissured 
Fig. 9b-——-Medium Carbon Steel No. 13. Through Fissuring and Decarburization. 50 x 
graphically in Fig. 8. The outstanding position of the high 
chromium steels 4, 5, 6, 27 and 28, is evident. 

The data on which Fig. 8 is based inelude some interesting 
values for the individual members of the carbon series (No. 3, 12, 
13 and 14). These data show that for exposure periods of less than 
two weeks, the lower carbon steel, No. 12, is more deeply pen 
trated than the higher carbon No. 13 and 14. However, selective 
penetration soon appears in the higher carbon samples, and once 11 
has begun, the destruction is rapid and complete. Thus, exposures 
of short duration are unreliable as they would indicate greater re 


sistance of the high earbon steels, whereas complete data would 


show the better results for the lower carbon samples, as in Fis 
8. Figs. 9a and 9b illustrate the fissuring and deecarburization 0! 
high carbon steels, while Fig. 10 illustrates four types of attack 
observed in various steels. 

The positions of the members of the chromium group of steels 
No. 1, 2, 3, 4, 5, 6, 27 and 28, in Fig. 8, and the photographs » 
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Fig. 10—Four Types of Attack. 
(a) A uniform decarbonization is characteristic of steels containing 2 per cent or more 
mium. Structure adjoining decarburized zone is but slightly affected. Steel No. 4, 
IV, 100 x, 
(b) A selective penetration marked by fissuring and decarburization, characteristic of 


vW-Chromium steels, Steel No. 1, Lot IV, 50 x. 


(c) Concentric fissures in the circular section, appear in the better steels subsequent to 
‘. 4 months’ exposure. Steel No. 4, 100 x, 
1) In the very high chromium steels, coarse fissures, usually concentric, are always 
ed to the thin, penetrated zone. Steel No. 27, Lot V, 100 x. All above etched in 
per cent nictrie acid in alcohol. 
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lig. 11——Deterioration in the’ Resistant Chromium Steels 

(a) Darkened surface layer rich in nitrogen is underlain by a decarburized ba 
Steel No. 4, Lot VI, 50 x 

(b) Same feature as in ‘a’, but decarburized band is thinner in the higher cl 
steel, Steel No. 5, Lot IV, 100 x 

(c) Structure of the dark layer. This is apparently a nitride in solid solution 
is preserved from rapid decomposition by the higher chromium content, Steel No 
lil, 500 x. 

(d) Penetrated and nitrified zone is shallow and parallel to the surface in th: 
chromium steels. Steel No. 28, Lot V, 100 x. 

a, b and c etched with 10 per cent nitric acid in alcohol; d, unetched., 
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11 illustrate the influence which the larger quantities of that 


ement exert in retarding the penetration of a 0.30 per cent carbon 


eel. ‘wo per cent or more of chromium seems to be necessary to 
tard the rate and to confine the progress of the penetration to a 
yiform line of advance parallel to the surface contour, i. e., to 
eliminate the selective, tendril type of progressive deterioration. 
‘his feature is perhaps the one of greatest importance in favor of 
the steel of the 2.0 per cent chromium type. The presence of over 
20 per cent chromium retards the penetration still more but not 
in proportion to the magnitude of the chromium increase. For 
example, steel No. 5, containing 7.7 per cent chromium, is only 
slightly better than steel No. 4, containing only 2 per cent Cr. 

The principal feature marking the superiority of the higher 
chromium steels is their resistance to selective penetration and to 
its destructive associates, fissuring and decarburization. <A sec- 
ondary feature which may be of considerable importance is the de- 
velopment of a protective layer in the penetrated zone which prob- 
ably marks the formation of a solid solution of nitrogen in the 
‘hromium-iron matrix. 

In connection with the chromium series, the four heat treated 
specimens of steel No. 3 registered such irregular resistance to 
penetration, particularly after four months exposure, as to lead to 
the conclusion that heat treatment of a steel containing less than 
2 per cent chromium eannot produce satisfactory resistance. 

or the vanadium series, 3, 7, 8, 9, 10 and 11, the data show 
that a three-fold increase over the ordinary vanadium content of 
a 1.0 per cent chromium steel failed to improve significantly the re- 
sistance of the samples. The steels arrange themselves in order of 
increasing vanadium content, but all are susceptible to a selective 
penetration and fissuring and most of them are completely penc- 
trated within sixty days. The improvement noted consists of a re- 
linement in the coarseness of the fissures rather than a retardation 
of their rate or an obstruction to their depth of advance. Any 
unprovement which the vanadium addition may have contributed 
was entirely obscured when the chromium content reached or ex- 
ceeded 2.0 per cent. 


DISCUSSION 


The deterioration of the steels is a form of corrosion and may 


ie 


ve explained by means of a series of chemical reactions with three 
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factors, temperature, pressure and concentration of rea 
timately related in the determination of the rate, cours 
tensity of deterioration. Aside from their influence 0; 
equilibrium conditions, pressure and temperature are sign 
the stress exerted on the metal fibers and in increasing the qjy 
sivity of the gases. The reactions proposed for consider; 






as follows: 








(1) FeO + H, = Fe + H,O 

(2) Fe, + H, — CH, + Fe 

(3) Fe,C + H,O <— CO + Fe + H, 
(4) NH,  N, + 3H, 

(5) NH, + Fe < Fex.Ny + H, 

(6) NH,b + Fe,.Cry = Fe,CryN:; + H, 




























It is well known that hydrogen will reduce oxides of iroy 
elevated temperatures. Decarburization occurs under the same 0; 
ditions, presumably forming hydrocarbons, as in equation 2.‘ 


following analyses before and after exposure, confirm microseo) 
evidence of decarburization : 





C Mn P S Si 
Steel No. 38—original...... 0.48 0.79 0.030 0.027 0. 
After 4 months exposure.... 0.04 0.81 0.032 0,028 0 
Cr-V steel—original ....... 0.34 0.010 0.024 
After 6 months............ 0.07 0.004 0.026 

























A complete chemical explanation of all the deterioratio 
phenomena would involve a cyclic reaction comprising an alternat: 
accumulation and decomposition of ammonia. To conform to this 
explanation, the metal must act as a porous filter permitting th 
passage of hydrogen and damming up the ammonia to a supe! 
equilibrium concentration. This ammonia by means of reactio! 
4, 5 and 6 would intensify and complete the destruction alread) 
begun through reactions 1, 2 and 3. 

Reaction 4 might be developed by the catalytic effect of th: 
metallic surfaces upon a sub-equilibrium concentration of ammoni 
to produce simultaneous, compensating synthesis and cracking, 
by a local enrichment of ammonia. Such local enrichment, whic! 
would promote reaction 5, could develop from the more rapid diffu 
sion and effusion of hydrogen into the metal and by the combinatio! 
of hydrogen with oxides, carbides, ete. Nitrides so formed would in 
turn be decomposed and washed out by fresh, incoming, sub-equ 
librium gas. Both reaetions 4 and 5 would develop atomic or a 
tivated hydrogen which would account for the puffing or swelling 0 
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although some of the observed surface cracking may have 


; 
thea STPPIA, 


from the mechanical action of escaping products from reac- 


been 
tons 1, 2 and 3. 

Reaction 6 illustrates the nitrification of high-chromium steels, 
heerved as dark solid solutions in their microstructure. Chemical 
nalysis of thin layers machined from the specimens showed : 

Steel No. Per Cent Combined N, 
5—original ........ Lue Cane Dah ee eh eew be ee 


I oa ie, nts Caer olla al Wau eral een ee 
ae eee 0.18 





In the low-chromium steels the presence of nitrogen as a solid 
solution was not detectable. The absence of nitrides in the micro- 
structure of most of the steels suggests either that nitrogen or 
immonia are not participating in the destruction and deterioration 
due to hydrogen, or that under the existing conditions chromium 
forms stable nitrides which obstruct the action of hydrogen while 
the nitrides of other elements are unstable and decompose as soon 
as they are formed. No exposures of prolonged duration were made 
in hydrogen, but, from short exposures and from a survey of the 
literature, it is doubtful whether deterioration approaching in 
severity that shown by these steels had ever been observed in steels 
exposed to molecular hydrogen. It is believed, therefore, that ac- 
tive hydrogen and nitrogen or ammonia are the destructive in- 
Huences and that their activity is limited in certain cases by the 
formation of impermeable solid solutions containing chromium 
nitride. 

Physical features obtained from the tests and micro-examina- 
tions, support the proposed explanation. The progress of the at- 
tack on the steels is marked by: 

1. Loss in strength and ductility 

2. Decarburization 

3. Fissuring 

The first evidence of a change in the condition of the steels 
was observed in an inspection of the 14-day exposure specimens, 
some of which showed partial decarburization penetrating for an 
appreciable depth and manifested by a bleaching in tone of the 
usually dark, pearlitic areas. In resistant steels decarburization pro- 
reeds slowly and the line of advance corresponds to the surface 
contour. In less resistant steels, the initial uniform decarburiza- 
on usually becomes a selective penetration extending in advance 












































































19 TRANSACTIONS OF THE A. 8. 8. T. 








of the decarburized ring. 





Since decarburization may be 
in any of the steels, the uniform type is by far prefera 
treacherous, difficult to estimate, selective or tendril type 

Kissuring was usually associated with decarburization 
be described in similar terms, such as continuous or disco) 
radial, concentric or selective; and so forth. On the oth 
fissures can occur without decarburization since they wer 
developed in practically carbonless iron and in nonferrous 
[In the steel samples, fissures were equally detectable in deca 
and in undeearburized zones. 

The question of whether deecarburization and fissuring 
independently of each other therefore remains a matter for s) 
tion in individual cases. At any rate the primary source of {issy 
ing is active hydrogen, with the reaction products of various 
carburization or deoxidation reactions as probable auxiliary sow 

The influence of alloying elements, particularly chromiun 
apparent in the restricted decarburization’ and absence of select 
fissuring in the higher chromium steels. While some of the res 
ance to deterioration may be ascribed to the greater stability 
the chromium carbides in the hydrogen-rich mixture, the posit 
and extent of the bleached band in the austenitic high-chromi 
steels indicates that the solid solution of chromium, iron and ¢a: 
offers considerable resistance to the diffusion of hydrogen. The 
fore, the chromium most directly concerned in obstructing the 
filtration of the gas is that portion which is in solid solution in | 
steel. This suggests the probable superiority of a low carbo: 
chromium-rich steel. The improvement which might be expect 
in the vanadium steels as a result of the combination of vanadiu 
with some of the carbon, thereby liberating chromium, was no! 
realized. The vanadium group of steels was severely fissured a! 
decarburized. The nickel steels show a concentric type of fissurin 
interesting since it apparently does not appreciably reduce 
tangential or longitudinal strength of the test cylinders. 


SUMMARY 


Practical experience and early experimental work showed tha! 







**Deterioration of Some Metals in Hot Reducing Ammonia Gases’’, by J. § 
Proceedings, American Society for Testing Materials, Vol. 24-2, 1924, p. 348. 


™*The Iron-Carbide Equilibrium in Dry Hydrogen at 950° C.’’, by E. D. ¢ 
Wm. L Fink and John F. Ross: Journal, Iron and Steel Institute, Vol. 108-II, p 
by C. R. Austin: Journal, Iron and Steel Institute, Vol. 105-I, 1922, p. 93 
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rbon forging steels were lable to rapid deterioration when 
ito H, :N, : NH, gas mixtures as encountered in, and un 
» the conditions of ammonia synthesis. The present work con 
med the earlier findings and also showed that experimental ex 
should extend over a period of two months or more, to 
w deterioration to develop. 


() 
Lil 


\ group of 10 commercially available forging steels, exposed 


‘he hot gases for four months, showed all of the steels susceptible 
attack, the extent of deterioration being apparent in differing 
ieovrees of decarburization and fissuring. The tensile and ductility 
properties were lowered, usually the least in the less affected steels. 
‘he changes in the test specimen profile, which deterioration inflicts, 
obscures the true relation in mechanical properties between the 
orroded product and the original material. More emphasis was 
nlaeed, therefore, upon the macroscopic and microscopic results. 
lt was found that: 

1. Carbon steels decarburize and fissure readily. 

» Nickel steels were deeply penetrated but showed a high 
residual strength in spite of the presence of parallel longitudinal 
ssures aligned in the direction of stress. 

3. Chromium steels deteriorated rapidly if high in carbon 
it were quite resistant if low in carbon. 

{+ Tungsten and nickel reinforce the deterioration resistance 
of chromium steels if the latter are low in carbon. 

A group of fourteen steels chosen to cover variations of the 
arbon, chromium and vanadium contents of an_ ordinary 
‘hromium-vanadium steel, within the limits of 0 to 1.20 per cent 
arbon; 0 to 14.0 per cent chromium; and 0 to 0.65 per cent vana 
dium showed that: 

1. The carbon content must be low. 

2. Two per cent or more chromium is necessary to confine the 
lissuring and decarburization to a smooth and uniform penetration. 

5. A suitable steel would contain at least 2.25 per cent 
‘hromium with not more than 0.30 per cent carbon. 


!. Larger quantities of chromium improve the resistance fur- 


er, but not in proportion to the increase in chromium. 

». High chromium and chromium-nickel steels of the stainless 
\ype are most resistant but are difficult to forge and machine. 
6. Heat treatment is useful to dissolve the alloys in steels 
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inherently resistant, but adds little or no improvement 


successful steels. 








7. Vanadium adds no appreciable improvement. 

The chief features of the attack of the gases upon 
were represented by: 

1. Decarburization. 

2. Sharp increase in combined nitrogen principally 
chromium steels. 


3. Fissuring, voiding or porosity in the affected zone 
4. Lowered strength and ductility. 

Evidence that carbon was eliminated during exposure was x 
eured. Decarburization, fissuring, and the presence of combined 
nitrogen in some of the steels are accounted for, first by the prese: 
in the gas mixture and the penetration into the steels of molecu 
hydrogen; second, by the injection of ‘‘activated’’ hydrogen | 
leased from catalyzed reactions ; third, by the inflation of the eryst; 
lattice by hydrogen ‘‘activated’’ during its infiltration into th 
steels; fourth, by the more rapid diffusion of hydrogen in 
filtration of the gas mixture through the steel, causing localize 
enrichments of ammonia which accomplish the formation 
nitrides, which are, in turn, decomposed. Internal decarburizatior 
and the occurrence in a nitride-decomposing gas of nitrogen-ri 
layers in the chromium steels, are provided for in a cyclic react 
theory of nitride formation and decomposition. 
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AR RESISTANCE OF CUTTING EDGES OF BLANKING 
DIES AND SHEAR BLADES 


By W. J. MERTEN 


Abstract 


1. This paper shows and discusses the effect of 
shearing and blanking of sheets and plates upon the 
cutting edge of shear blades and die parts when these 
sheets and plates are covered with hammer or roll scale 
(Fe.0,), or when an intensely hard and abrasive con- 
stituent irregularly but profusely scattered or dispersed 
through it, e. g., iron silicide (FeSi) in silicon sheet. 

9 It gives a review of the various methods em 
ployed to hinder fragmentation of the hard crystals a na 
imbed them when fractured so as to avoid and neutral 
ize their grinding effect upon the cutting edge. 

3. The utility of unformly hard die parts for 
hurrless blanking and shear cutting is discussed. 

{. The importance of die design for obtaining 
long life of the cutting edge, which is equivalent to the 
large scale production of a punching free from burrs, 1s 
pointed out. 

5. Severe deformation of the crystal structure by 
the use of soft punch parts not evidenced by burr for- 
mation is also wlustrated, 


INTRODUCTION 


|' is universally recognized that shearing and blanking of sheet 


steel covered with hammer or roll scale (Fe,O,) would dull or 
wear down the eutting edge of die parts and shear blades and pro- 
duce a burr earlier than when this scale is absent. Hammer 
wale Fe,O, is an abrasive material and quite hard as compared 
with the hardness of low carbon steel. The sesquioxide of iron 
'e.O, has a mineral hardness of 5.5 to 6.5 on the Moh scale of 
hardness. However, since a scale-free material is impractical to be 
obtained for economical and commercial reasons, the use of heavy, 
clinging or highly adhesive greases as lubricants has been found to 
practically neutralize the scoring tendency of the scale. Further- 
more, it has been recognized that the imbedding of the crushed 
crystals of iron oxide seale and the prevention of their pulverization, 


? \ paper presented before the winter sectional meeting of the Society, 
\ shington, D. C., January 19 and 20, 1927. The author, W. J. Merten, is 
metallurgical engineer with the Westinghouse Electric and Manufacturing Co., 
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spreading and lodging between the cutting edges, is resp. 
the improved performance. 
Iron silicide crystals (FeSi) in silicon sheet, havin 
siderably greater abrasive quality than iron scale, reacts 
on the eutting edges of tools and the tendency to dull th 
very pronounced if a crushing or pulverizing of erystals ta 
and precedes the shearing of the sheet. Evidently any pr 
method resulting in a splitting of the iron silicide crystals wit} 
powdering or severe fragmentation necessarily aids in the retent 
of the sharp cutting edge and prolongs the life of the die or 
blade. 

































Metruops To HINDER EXCESSIVE CRYSTAL 





FRAGMENTATION 





To bring about splitting of hard crystals of iron oxide (Ke.) 
or iron silicide (FeSi) instead of crushing them is accomplish 
by various methods: 

1. By baking on a coating of lubricating enamel. 

2. By inserting a layer of paper on top of sheet, i. e. betwee 
punch and sheet. 

3. By depositing a soft metallic coating such as copper 
lead on the surface by dipping sheets into a solution of hot 
per sulphate (CuSO,) or lead acetate (PbC,H,O,). 

Unconsciously, however, all have the same object, namely 
to fill the small surface cavities and imperfections and lock 
imbed the exposed hard and brittle particles, thereby preventin 
their fragmentation or powdering and spreading just prior 
subjecting the softer ground mass of the sheet to shearing stresses 
The more securely such imbedding or locking is, the greater t! 
life and the better the performance of the cutting edge. | 
posits of metallic copper or lead obtained from dipping sheets 
in a solution which precipitates these metals on the sheets shoul: 
give most satisfactory results. They are, however, not favored 
on account of the high cost of these materials and the more ex 
pensive methods of processes for deposition and application. | 
striking illustration to the effect of brittle crystals rendered wea! 
and fragile by removing from them their supporting matrix 
soft iron, is the low production and early dulling of the cutting 
edge from punching pickled sheets. Pickling acid (H,SO,) ©! 
viously acts only on the iron matrix, the iron silicide being pré 
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acid-proof. The dissolving of the iron naturally exposes 

‘on silicide erystals still more and weakens their resistance 
+> epushing stresses and it is practically certain that excessive 
owdering and spreading took place before. actual shearing of 


he sheet started. Consequently a short production was obtained 












See Figs. 1 and 2. 
The recognition of these faets explain why fluid lubricants 


ch give merely a wet film are not suecessful in solving such 
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Fig. 1—Diagram Showing Weight of Blanl pe 
Grind when Punching (a) Enameled Mill-Annealed Sheet, 
(b) Enameled Pickled Sheet, (c) Bare Mill-Annealed 
Sheet, (d) Bare Pickled Sheet. 

























problems and their aid is of minor importance. A more substan 
tial and viscous lubricant is needed to imbed and hold the frag 
ments of the split erystal. 


Uniformly and Highly Hard Die Parts and Die Design for Burrless 
Blanking and Shearing Die Steel Characteristics and Properties. 


The successful performance of a die and burrless blanking was 
it one time and not so long ago synonymous with the application 
of a hard stationary die plate and a soft punch or moving die part, 
permitting the peening of the edge for refitting without splitting or 
chipping of the eutting edge. This practice was quite generally 
icecepted as giving best results and long die life. With the quite 











recent advent of very hard but still tough and highly abrasive 
resistant alloy tool steels the objections to the fully hard punch 
and die plate combination have been overcome and close fitting 
without danger of chipping of the edge can be successfully main 
tained, 


he type of steel now most favorably considered for blank- 
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ing dies and shear blades is the high-carbon high-chromiy 


























of tool steel with an approximate chemical composition as f tl 
Carbon 2.00-2.25 per cent 
iT 
Chromium 10,.00-12.00 per cent. "i 
This steel will have a scleroscope hardness of 85-95 
quenching from 1800 degrees Fahr. and tempering at 600 d. 
Kahr. It also has nondeforming characteristies. 
OUTLINE DIES 
The suecessful application of uniformly hard movable and 
tionary die parts, depends to a large degree upon the rigidit 
punch while blanking. On outline dies where the entire pe. 








Fig. 2—Curves Showing Weight of Blanks Produced per Grind 
I 


when Punching Sheets which have had Different Treatments. 








of the punch section is used for cutting edge, the tendency) 
produce a side thrust reaction is practically nil, and a hard pune! 
hard die plate combination will work out ideally. For dies wher 
the punch is cutting on one side of the cross section only, tlie 
soft punch is favored. Since no clearance whatsoever cal | 
allowed between punch and die plate, a tremendous pressur 

exerted upon the cutting side of the punch during blanking. 1! 
grinding effect introduced by a hard punch is greater than fro 
a soft punch, resulting in a dull edge and producing a burr, alt 


comparatively few drops. The softer punch being less abras! 
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the eutting edge of the die plate insures longer life and 

f ‘herefore is favored on dies of this class. An example of a blank 
from an outline die is shown in Fig. 4. The problem of hard punch 

and die plate application therefore resolves into one of a die design 

vhich arranges the blanking of punchings so that the entire 

os nerimeter of the cross section of the punch is cutting. This may 


(] Tht 


done by double or multiple blanking of parts, giving, however, 


ana | \ 
KX 


Fig. 3—Sketch Showing “EV” Punchings 
and the Areas that were Selected for Photo 
graphing as Shown in Figs. 4, 5 and 6. 
careful consideration to the production of a minimum amount of 
scrap along with the greater performance, since economy in material 


may overbalance any gain in die performance. 


PLASTIC DEFORMATION OF CRYSTAL STRUCTURE BY USE OF Sor! 
PuNncH Parts Not EvIpENCED BY BuRR FORMATION 


There is another important consideration aside from pro 
ducing a burr eaused by dull cutting edges of the die, namely, 
the crushing of the hard erystals and plastic-flow and deforma 
tion of the metal held between and sheared by very hard cutting 
edges as compared with the deformation when held between and 


sheared by eutting edges, one of which is comparatively soft and 


ney t - the other hard. To investigate this difference, if any, a series of 
punel blanks of so-called EV punchings shown in Fig. 3 were selected. 
; wher One set was blanked with a newly ground, therefore sharp, 
ly, the edge of soft punch and hard die plate combination die. 

ean bh Another set was blanked with a newly ground, therefore 
sure is ; sharp, edge hard punch and hard die plate combination die. 

yr, The The third set was blanked with dulled edge of the hard 
n fro . punch and hard die plate die. 

r, afte Representative punchings from each respective set or lot were 


then machine-cut as shown in Fig. 3 and the cross section ‘‘A’’ 
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/Sheared Edges 
Cross-section of Sheef 


© 


Sheared Faves 


Fig. 4——-Photomicrographs of the Cross-section at “‘B’’ of a Sheet. The Sheared 
Indicated by the Arrows. These Blanks were Produced with a Hard Punch, a Hard D 
Sharp Edge. Mag. 100 x. 
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Sheared LEages 





Photomicrograph of the Cross-section at “B’ of a Sheet. The Sheared Edges are 
the Arrows, These Blanks were Produced with a Hard Punch, a Hard Die and a 
Mag. 100 x. 
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Fig 6 Photomicrographs of the Cross-section at “—" of a Sheet. The 
are Indicated by the Arrows. These Blanks were Produced with a Soft Punch, 


a Sharp Edge Mag. 100 x. 
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for an examination of edge ‘‘B’’ for evidence of degree 
deformation of the metal during blanking operation 
different die cutting edge characteristics. Photomiecro 
of edge B at 100 diameters magnification were then taken. 
. ) and 6. 
RESULTS OF INVESTIGATION 


It is quite evident from a eritical analysis of the photo 


phed sections that the sharp but soft punch and hard die plate 


mbination die produces a considerable dragging effect extend 

ng quite a distance into the blank. This type of plastic deforma 

n because Of its depth does not show this drag in the form of a 
ir, Fig. 6, although its deleterious effect upon the electrical and 
avnetic characteristics may be as bad or worse than the effect of a 
lulled-edge hard punch and hard die plate combination die where 
plastie deformation is concentrated and localized near the edge of 
the blank, being evidenced by a burr. (Fig. 5). 

The deeidedly advantageous results from a uniformly hard 
inch and die plate die application in producing the minimum 
lastic deformation of the sheared section and the immediate adja 
ent material are vlainly and strikingly apparent on comparing 


Photographs in Fig. 4 with those in Fig. 6. 


= 


SUMMARY 


\ summary of the results of this investigation involving 
ear resistance of cutting edges of blanking dies and shear blades 

1. That the application of highly viscous lubricants aids 
erlormanece and lessens abrasion or dulling of cutting edges by 
reventing powdering and spreading of hard and abrasive con 
stituent of sheets. 

2. Uniformly and fully hard die parts offer many advan 
lages with regard to quality of blank produced as well as from a 
luantitative production standpoint. Although it transfers the 
irden of proper performance in a large degree to the ingenuity 
' the die designer to design an outline die in which the perimeter 
‘the entire cross section operates during the shearing of the blank, 
thot excessive serap or over-metal from the sheet. 

Plastic deformation not evidenced by burr formation is 
oduced by the use of soft punch parts, which deformation may at 
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be more detrimental than a more localized drae 


(CONCLUSIONS 


it should be stated that there are 





other factors outside of those related to tool maintena: 
of die and quantity production which are to be consider 
final analysis and solution of the problem of increasing 


resistance of euttine edges of blanking dies, such as 


l. Better space factor in the assembly of the bla 


apparatus or machine. 


2. Greater uniformity of grain structure of blan| 


less deformation produced during blanking. 


4. Lower annealing temperatures and shorter annea! 


for restoration of normal erystal structure. 


However, the concluding remarks are of a speculatiy: 


and encourage further investigative work along a line of 


acter and purposely injected to stimulate discussion of thi 


turer and stamping and blanking departments of electrical 


nt manufacturers. 





A. H. d’Areambal 


DISCUSSION 








| would like to ask the author of the pap 


method was used for hardening these dies. 


W. |. Merten: They are packed in charcoal during the heatin 


A. H. d’ATYeambal 


iture? 


: How long do you allow them to remai: 


W. J. Merten: We give an hour for each half inch of cro 


1800 degrees Fahr. 


A. H. d’Areambal: 


that type of material? 


Hlave you ever noticed the fracture that 


W. J. Merten: No, fortunately, we have not had any chance 


of them. They are 


\. H. d’Areambal: 


still running. 


The reason | asked is that we have done cor 


experimenting with that type of steel and we find that, regardless of 
har 


den it, it shows quite a coarse fracture as compared with what y 


R. W. Woodward: 


as influencing the 


sub-press type of 


mentioned: in fact, I think probably 


expect from a chromium steel or high speed steel. 


I think one of the points that Mr. Merten 


sharpness of the punching, possibly the m 


tant, is the actual design of the press and die. He has not mentio 


about the type of press and equipment that was used, but we have f 


die gives much sharper punching than what 


a proper sub-press die equipn 


al 





which certainly is of greatest value to the blanking die mai 


} 





iin 


nai 


In) 


nto 


what 


qui] I 
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harper punchings than any he has shown on the sereen. May I 


ther he has used that type at all? 





\lerten The burrs that you saw on the photos of punchings ar 





pronounced, If you decrease the burred edge a hundred times you 





ery little burr present. 







Woodward: Of course, there is another variable there, in that Mi 
working with silicon steels, which possibly tend to give a greater 


the straight earbon steels that Lam familiar with. | think probably 





influencing factor too. 


\ 1) Merten Mr. Chairman, Fo anticipated the question on iheon 





| would like to give the gentleman a chanee te examine a 






sample 


ect, Whieh has all the characteristics of a material, of highly ab 









iture, and | will be glad to let him examine the large erystals that 






y present and if he uses a knife or file on it, he will find the knife 


rateh these particles, It is an entirely different matter to eut oa 





sheared 











ind then cut a siheon transformer sheet and compare thi 








Mr. Merten, 





what was the earbon content of this. silieon 












VW. J. Merten I think it was 0,008 per cent carbon 







(', Bain You have probably made photomicrographs of that material. 


| inquire if you have any with you? 







W. J. Merten: No, but they have been made and have been published by 






(. Bain: | supposed of course that you had frequently observed the 
tructure and thought if might be rather interesting at this point to 






ide containing some of these silicide erystals which you mention, 
’, D. Lyneh | would just like to add to Mr. Merten’s paper that the 


already brought out by him that the lubricant in punch die opera 







not the same as that thought of as a lubricant on machinery, In 






tance something that will hold the die is wanted so that as the die 


own on the sheet to be punched, the action is not like that of a lubri 





\ bearing to prevent friction but rather to hold the die in position 







e cut is being made. It is also very important to have your ma 
rigid and dies so designed that they are firm and the coating of a 


that it will hold the die from slipping and produce a positive cutting 
heet. 











(. Bain: Has such a material as ‘‘Aquadag’’ been baked on these 





rior to stamping with successful results? 






W. J. Merten: There have been quite a number of adhesive lubricants 





ies carbonaceous enamel or baking varnish. I personally prefer a 





ating, but their use runs up the costs, as [ indicated. 






\rcher: I believe Mr. Merten was good enough to bring along 


of sheet, largely as the result of a question 1 asked him in Cleve 


ra ao 
LiLVSsS “avo, 






at which time | questioned the presence of iron stiicide 





n material of this composition, lle said that he had seen such 







rom an eighth to a quarter of an inch in diameter, and that he 
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would bring some along. I have not been able to recognize in 
just which crystals are supposed to be this hard constituent. The e 
shows some rather straight cleavages, but it seems to me to be 
structure of a rather coarse grained iron silicon solid solution rathe: 
compound iron silicide. It is my understanding that there is not 
iron silicide in a piece of this composition. If there is any evide: 
would like to hear it. 

KM. C. Bain: If the Chair may interpolate a word at this point 
silicon diagram has been constructed with an extraordinary amou 
by certain workers in Germany; Faber, Oberhofer and others. Then 
under the direction of Dr. Westgren in Sweden, made a comp 
of the entire series with X-rays, and the transformations are complet 
erated with the addition of 1.8 per cent silicon, there is nothir 
alpha iron solution. Silicon seems to be, according to them and 
material which rapidly stiffens and hardens the ordinary ferrite soli 
rendering it somewhat brittle at the same time. 

lf am glad Mr. Archer brought up this question of whethe 
sibly could be silicide. It may be. I should say offhand there is 
lent case for the use of X-rays again, because we know precisely 
of a thing silicide of iron is, and also what the ferrite solution is. 

W. J. Merten: I am not particularly interested to argue the 
eause | do not know, but what I am really interested in is to den 
the brittleness of the material and its abrasive characteristics. 

Dr. H. W. Gillett: Stoughton, in his book Engineering Metallur; 


that FeSi (up to a small proportion) seems to strengthen steel. T 


borne out by Phragmen’s work reported to the British Tron and Ste 


tute in 1926. My impression in the matter has been entirely expr 


Mr. Archer and Mr. Bain. I doubt very much that iron silicid 


occur in transformer steel. 


KE. C. Bain: From the diagram as constructed by several « 
experimentors it seems impossible to conclude anything else. Th 


we are justified in saying at the present time, I think. 


A, H. d’Areambal: I would like to ask Mr. Merten as to wl 


of steel he used for dies for punching this material, whether he 


high carbon, high chromium or what? 


W. J. Merten: We have used both high speed and oil hardening 


shrinkable steel (1.5 per cent manganese, 0.5 per cent tungsten and 0.5 


chromium) but we have not been able to obtain the performance that 


pected. The performance obtained from the high earbon, high ¢! 


material has certainly been a credit to this particular grade of mate! 

R. S. Archer: Having raised this point,—the question about 
stitution of those hard erystals,—which, as Mr. Merten points out, is 
minor question from the standpoint of this paper, I would like to ex 
congratulations on the paper as a whole. I think it is an extrem 
esting thing that he has pointed out, and it has aroused my own eur 
what might be done in the way of machining by putting on som 


viscous lubricants, such as enamel. I do not know whether anyon 
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not, but if the theory of reducing abrasion is correct, it might 
erable assistance to enamel abrasive materials before cutting them 
ry cutting tools, 

Baim: Mr. Merten, would you care to tell us how you mounted 


sheets, laminations, or whatever they were, for photographing? 


nk some of us would like to know your technique for obtaining the polished 
tion, 
W. J. Merten: They were imbedded in a matrix of soft white metal and 


lished—just some soft, low-fusing alloy of lead, tin, antimony o1 


\. B. Palmer: | hesitate to ask this question because it is a little 
tenor of the paper, but if we have a minute or two and nothing 
discuss, | would lke to inquire a little further along the line of 

d’Arcambal’s question—that is regarding the relative performance of 

s particular type of steel in this type of die. I think everybody is inter 

n this new high chromium alloy, and the question that | have in mind 

this What is the customary method of hardening high speed dies in 

ting such a comparison as that which the author of the paper just gave? 

words, how do you harden high speed dies that they give only 25 

ent more production than oil hardening tool steel and so much less 
ction than this type of steel? 

W. J. Merten: If | understand your question correctly, it is not a 

tter of producing the number of blanks, but of producing a blank without 

irr? 

I’. B. Palmer: That is what I mean, 

W. J. Merten: From a high speed steel heated for development of sec 


hardness, the hardness one can expect is about SO Shore and that hard 


ss does not seem to be sufficient to produce a burrless blank on a material 
this kind, particularly on dry cutting. It crushes and spreads the hard 
ystals over the cutting edge and acts as an abrasive or grinding material. 


ordinary sheets or work that does not need to be kept entirely burrless, it 
produce tonnage. On transformer sheets to which this particular applica 
refers, high speed steel does not retain its edge. 


I’. B. Palmer: Have you ever pack-hardened your high speed dies in 


vhborhood of 1950 degrees Fahr. for this type of work? In other words, 


you ever hardened them substantially the same way that you are hard 
y carbon high ehromium. 

W. J. Metren: No, we have not, since to keep packing material and 
xes around a tool at temperatures from 2350 to 2400 degrees Kahr. the 


ening temperatures of high speed steel is a difficult thing to do, 
6b. Palmer: You will melt high speed steel packed in charcoal at 


uperature; high speed steel is usually pack-hardened below 2000 degrees 


W. J. Merten: We do open fire work on our high speed steels entirely. 
Bain: Mr, Merten, it depends on the inherent nature of the material 
n the mechanism of the process does it not? The mechanics of the 
y studied differently. 
















































HAIR CRACKS IN STEEL RAILS 
J. H. 





W HITELEY 


Abstract 






This paper sets forth the various tests made to 
tect internal flaws or defects in steel rails freque) 
described as hair cracks. Two methods were emplo 
the magnetization and treatment with iron dust in h 
sene, and the effect of a reagent. The chief feat 
of interest which were revealed by microscopic exan 
ation are enumerated, 





eee the fact is now well known that steel 


other rolled material may contain internal flaws fr 







described as hair cracks, no complete agreement on their 
has yet been reached. As the result of an examination of « ) 
ber of single-headed rails containing this defect to a mai 


tent, the author has put forward in the present paper an 









tion which takes into account one or two points that 
seem to have been overlooked. 

The ingots from which the rails were rolled were ma 
the basic open-hearth process and the following analysis ma 


taken as typical of their composition. Ferromanganese and 





per cent 
Ree es AS Ba Oe eee. kul. ee ele eae 
| ee ety eT Seek. 







DEE cit ke neta we sheee hae Cas caRaenee 0.0382 


Pe eT ee ee ere 
IIL icin 4d» & 0:06 + uate Codie Baa een 5. 

















silicon were used as deoxidizers. Immediately after rolli 
heads had been sorbitized by moving them to and fro in a se! 
of air jets. The rails were thus rapidly cooled from about 
to 1110 degrees Fahr., after which further cooling took 
normally on the mill floor. On straightening, many o 


broke in two and in each case a gray spot was seen to be preset! 


in the crystalline fracture. An enlarged photograph of on 
these spots is given in Fig. 3. Even in unsorbitized rails they 
sometimes found; they vary considerably in size and are usu 
deep-seated in the head at a distance of about one inch bel 
A paper presented before the eighth annual convention of th 
Chicago, September 20 to 24, 1926. The author, J. H. Whiteley, is 


with the South Durham Steel and Iron Company, Ltd., Mallea! 
Stockton-on-Tees, England. 
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ICKS RAILS 
sirface. To the unaided eye the characteristic grayness of 
ese areas appears to be due to a finer grain size than that of 
irrounding steel. 
In order to test for this defect, sections were cut parallel 
and about one inch below, the surface ot the rail heads, A 
ne surface having been prepared on these pieces, the ingenious 
ethod devised by Rawdon, consisting of magnetization and treat 
with iron dust in kerosene, was first tried. Numerous hair 
racks were revealed. A small strip containing one found in this 
vay was eut out and bent; the fracture seen in Fig. 3 occurred 
lone the line of iron dust. 
The effect of a reagent which had been found suitable for 
cro-etching was next tried. It is prepared by dissolving 200 
rrams of ferric chloride and one gram of cupric chloride in 100 
ihie centimeters of hydrochloric acid (sp. gr. 1.16) and 1000 
ibic centimeters of water. It etches deeply and the action pro 
eeds without the hberation of any visible amount of hydrogen. 
In etching, the section is placed in a bath of the reagent and the 
ittack allowed to continue for at least twenty minutes. A _ finely 
machined surface should be used. After the first few minutes, 
has been found advantageous to remove the specimen, dry the 
surface, and rub it over with 000 emery paper. The etching is 
then continued and proceeds uniformly. Fig. 1 shows the effect 
tained on a section of one of the defective rails; it is typical 
several which were examined. A number of distinct cracks 
and flaws are revealed lying in different directions. These were 
not visible to the unaided eye prior to etching. For comparison, 
he appearance of an etched section from the head of a sound 
insorbitized rail of similar composition and size is shown in Fig. 2. 
llere no unusual feature is present. The dark bands correspond 
to ferrite ghost lines in a lower carbon steel and are quite normal 
tor this class of material. 
\ noticeable feature in Fig. 1 is the white area which sur 
inds each flaw. Oberhoffer', appears to have been the first to 
ecord this type of defect and he explained it as due to a local 
segregation of phosphorus and sulphur in the metal. At first 
‘ight the white areas might be taken as evidence in that direction 


since these parts were more resistant to the attack of the reagent. 
‘he unlikelihood of segregation oceurring in this manner in rolled 


lL Frise n, 1913, Sept., p 1569 
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Fig. 1—Full Size Section of Rail Showing Cracks Revealed by 
Visible to the Eye before Etching. Fig. 2—Shows a Sound Rail after a Simila 
Fig. 1. Fig. 3—-Fractured Surface of Ingot Showing Gray Spot as Described in | 


Etehing Che 


material, however, is altogether against this view; moreover’, 
was found that after the pieces had been heated for a short tin 
at 1560 degrees Fahr. and then air-cooled, these white areas were 


no longer formed on etching, while the dark ghost lines remaine¢ 
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ynaltered. No evidence of any pronounced segregation in any 
of the samples was found either by direct etching or by sulphur 
prints. 

During the etching process another effect occurred which un- 
fortunately could not be photographed. ‘This was the liberation 
at various points on the surfaces of a rapid stream of minute gas 
bubbles. In some cases, the evolution would continue at one point 
for several minutes before it finally ceased. As the etching pro- 
ceeded, this liberation of gas was continually starting at fresh 
places. In etching sound rails this particular feature was never 
encountered. At first it was thought that some constituent was 
present which rapidly dissolved in the acid with the evolution 
of hydrogen, but it was found that an evolution, once it started, 
could not be stopped by transferring the section to a bath of weak 
ammonia. Hence it was clear that, at certain points, gas under 
a considerable pressure was present in the steel. An attempt 
was made to ascertain approximately the amount of carbon mon- 
oxide present in this gas. This was done by allowing a few cubic 
centimeters to collect in small tubes filled with water and then re- 
placing the latter with acid cuprie chloride solution. In each 
test, the diminution of volume noted, after a strong agitation 
of the liquid, indicated that at least 50 per cent of carbon mon- 
oxide was present. 

The chief features of interest disclosed by a careful micro 
scopic examination of sections taken from the rail heads were as 
follows: 

l. Figs. 4 and 5 are typical of the structure seen at the sur- 
faces. The rate of cooling in sorbitizing had evidently been suffi- 
ciently slow to allow a separation of the hypoeutectoid ferrite at 
the grain boundaries. Moreover, under high magnification, it was 
clear that the ‘‘sorbite’’ was really finely lamellar pearlite, as 


shown in Fig. 5, 

2. The rails contained considerable amounts of sonims which 
were not evenly distributed. They frequently occurred in patches 
as illustrated in Fig. 9. 

J. After etching lightly with picric acid and then carefully 
repolishing without the use of a powder, indications of a fine dark 
deposit at many of the grain boundaries could be seen. An ex- 
ample is given in Fig. 10. Whether the effect was due to the 


Presence of foreign matter or was simply the result of a loose ad- 
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Figs. 4 and 5-—Typica tructures of Rail Heads at Surface The Rat 
been Sufficiently Slow to Allow a Separation of the Hypoeutectoid Ferrit 
Boundaries 150X. Figs. 6 and 7—Examples of Porosity of Some of tl 
Examined. Mag. of Fig. 6, 180X. Mag. of Fig. 7, 850X Fig. &8—Steel St 
Cracked to Show the Intercrystalline Nature of the Crack. 160X, Fig. 9—Ph 
Showing Unevenly Distributed Sonim 130X, 


hesion could not be definitely ascertained. A small strip 
steel was cracked without breaking in two and the piece the 
pared for examination. It was found that there was a d 
tendency for the fracture to travel around the grains. | 
shows one part of this crack. This result was confirmed whe 
area containing a distinct hair crack was examined. 1! 
ture, in places, was unquestionably intererystalline. 


4. The evolution of gas in etching from points wel 
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— from any visible flaw obviously indicated that the metal contained 
| minute porosities. A careful examination of many kinds of steel 
has shown that this defect is more common than is generally) 

eealized. ‘Tammann and Bredemeyer* have recently done some 
‘nteresting work in this direction. They subjected specimens im 

mersed in colored water to pressures sufficient to ensure the solu 

tion of air and gases contained in the metal. By this means 

' they found that penetration of the water occurred to a consider 

able depth, thus proving the existence of minute channels and 

= porosities. In the present investigation, evidence of porosity was 
seen in all the sections examined. Generally the cavities were 

isolated, but occasionally several were seen together as shown in 

Fig. 6. Fig. 7 shows one of this group under high magnification. 

In examining for porosity, considerable care is needed in 

} ' preparing the surfaces, otherwise indentations belonging to heavy 
scratches may remain. These, however, can generally be recog 
nized by their shape and the fact that the metal at the margins 
shows distortion. It may of course be argued that genuine eav- 


| ities are due to the falling out of sonims either in polishing or 
© etching. This may sometimes be the case, yet, nevertheless, such 

’ 1 } looseness is still evidence of discontinuity. 

\, These observations comprise the salient points of interest 
* 


which appeared during the examination of the rails. It now re- 
mains to outline an explanation of the cause of failure based 
on the facets thus obtained. 
The first inference to be drawn is that the steel contained 
numerous minute cavities filled with gas under a high pressure. 
Further, it seems reasonable to believe that this pressure was due, 
in part, to the rapid cooling in sorbitizing, for there would be 
aot 3 then less opportunity, than in normal cooling, for the gases to 
escape by diffusion through the surrounding walls. As a result, 
severe stresses would develop in the immediate vicinity of the 


trip cavities. In this way, local incipient cracks might be formed by 
e ther rupture along adjacent grain boundaries. Fig. 11 shows such a 

9 distil pee ‘ ; ; . 
5 a crack Which has apparently traveled from the v-shaped side of 
ns. Fig. > 


‘cavity until it reached a sulphide inclusion. It is possible, also, 
ed when » that an effect of this kind would be aided either by looseness or 


’ ‘} e Tul + . . ” > . ° 

Uh he presence of any foreign matter at the boundaries, such as 
that ch ° ° > - 

Hat shown in Fig. 10. The fact that hair cracks are usually deep- 


ft fur Anorganische Chemie, No. 142, 1925. 
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seated in the heads of the rails and seldom appear in 








or web is in agreement with this explanation, for it 
that the greater the distance the gases have to travel 
time in order to reach the surface, the less chance will 
of getting there. 





Again, the fact that a retarded coolin 














Fig. 10—-Specimen Similar to that of Fig. 9 after Etching Lightly wit 
Followed by Repolishing without the Use of a Powder Shows a Fine Dark Dey 
of the Grain Boundaries. 950X. Fig. 11—-Photomicrograph of a Specimen of § 
1 Crack has Apparently Travelled from the V-shaped Side of a Cavity until 
Sulphide Inclusion, 950X. 
















prevent hair cracks, as recently shown by Hultgren’ in 
of alloy steels, may also be explained in this way. Mor 
is allowed for gases to escape and so relieve the internal s' 
due to gas concentration. 

The large proportion of carbon monoxide found in th 
liberated from the cavities suggests that they are a result 
interaction between the oxide of iron and the carbon in the st 
during rolling. A striking illustration of this effect was 
from a bloom which blistered badly in the reheating fu 
The wall of the blister was found to be almost completel) 
earburized and the contained gas gave the following analysis 


per ¢ ent 
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‘Journal of the Iron and Steel Institute, 1925, No. 1, p. 113. 
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n t y It may of course be contended that the addition of ferro 
t , negnese and ferrosilicon to the ladle would remove all oxide 
Li \ieCanece,* however, has recently given evidence, based 
Il { » thermodynamical considerations, to show that oxide of iron 
inc the metal is not completely reduced by any of these deoxi 
a ors. That the steel had been overoxidized was certainly indi 


the amounts of silicates present. Moreover, it has been 

that those conditions of working which tend to keep the 
content of the bath at a minimum favor the production of 
ybitized rails free from hair eracks. For example, the steady 
moval of the earbon from about 1.0 per cent with a slag not 


chly ferruginous and the addition of manganese to the bath 


, 
to tapping are both advantageous. These and other facts 
ch might be mentioned all indicate that the trouble is due in 
he first place to overoxidation of the steel. As a result, carbon 

- ° . > . ° 

onoxide is formed by a subsequent reaction between the oxide 
, nd carbon in the solid steel at rolling temperatures and, if time 

s not allowed for the escape of this entrapped gas as the metal 
ls, the tendency for hair cracks to develop may be greatly 
- ] reasect. 

De 4 DISCUSSION 

e} 
itil ; Written Discussion: by F. T. Sisco, metallurgist, Air Corps, Wright 

. 1; yvton, Ohio. 
. rhe tvne of defect known as the ‘‘hair erack’’ or ‘‘hair line’’ is so 
In the . . a . ' 
steel that the double question of its importance and its cause 

Mor prevention is vital. The writer was extremely interested in Mr. 

rnal stresses f Whiteley’ discussion of hair lines in rails, especially in his opinion as to 
se of the defect. He would like very much to get Mr. Whiteley’s 
in the is to whether he considers the hair line to be dangerous. Also if al! 
lines are not dangerous how can we distinguish between the ones 

result 

nd the ones that are not. 

In the st importance of this question can be judged from one or two 
was obtan ‘tances. There is no part of the airplane engine that is more vital than the 
ine fun fF crankshaft. The steel used for crankshafts is of the highest grade pos 
mplet obtain. In a personal inspection made by J. B. Johnson, chief of 

GELeELY 5 


lvsi terial section, MeCook Field, of 100 crankshafts all contained hair 
analysis : , : . . > . ‘ 
’ : it is not going too far to say that, in the case of chromium-nickel 


nt f steels, if a highly polished section such as a crankshaft is examined care 
0 defect will be found in practically every case. 

3 writer has had the same experience with ball bearing steels. A 
a ther extensive investigation made on this defect some years ago leads to 
0) . UU ision. In a plant making a large tonnage of ball bearing steel 


il Chemistry of Steel-Making. Transactions, Faraday Society, 1925, p. 195. 
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in basie electric furnaces one 2-inech hot-rolled bar from eac} 






selected for examination. A piece six feet long was annealed a: 
so that the bar diameter tapered from two inches at one to on 


at the other. The machined surface was rough polished and exar 






a magnifying glass. Hair line seams were found scattered thr: 
bar from end to end, and from surface to center. After some 
the question was no longer ‘‘if the bar contained hair lines’’ 


many hair lines in a unit area examined?’’ 






In other words, all of the steel contained hair lines but 
contained more than others. 

The prevalence of this defect in alloy steels makes it im; 
know just what effect the hair line may have in accelerating 


fatigue or vibratory stresses. 










The inspector of crankshafts soon finds that if he rejects a 
on account of hair lines he has to reject them all. This is imposs 
sequently he would like to know just where to draw the line. 
Crankshaft failures in service are comparatively rare. TT} 
seem to indicate that the hair line is not dangerous. But on t! 
hand, many of the failures that do occur cannot be explain 
other way. 


It might be stated that in alloy steels non-metallic inclusi 







enough to be seen by the microscope) are usually not sufficient iy 
or segrated to the point where they can be accused of causing t!] 


The logical explanation is gas in the steel. 









The writer would appreciate Mr. Whiteley’s opinion as to 
dangerous hair lines are and, if possible, a method to differentiat: 
the ones that 





are harmless and the ones that are not. 


ORAL DISCUSSION 











G. A. DORNIN: I did not see the preprint of this paper until | 


here so this discussion will have to be oral. I have some photographs 





steel ingots. The split ingot shown in Fig. 1 was east in a regu 
£ s S 





and you can see about what the interior looks like. Fig. 2 is the san 






of steel cast in an inverted mold with a sink head. This is all rail st 
the following analysis: carbon 0.64 per cent, manganese 0.55 per cent 


phorus 0.011 per cent, sulphur 0.022 per cent and silicon 0,150 







About 10 ounces of aluminum per ton was added. 
Fig. 3 shows two rail ingots, one cast in an ordinary mold and on 


in an inverted mold with a sink head. These show onlv pipe as far 






see. There is none of the porous, spongy, blowy condition you can se 


other ingots. I bring these out because most rail steel is what \ 







term semi-finished steel. The commonest practice that I know of 

the carbon down to about 7 to 10, where it is easy to check, and ta; 

out to practically a soft heat of steel. Then add enough iron in t! 

bring the carbon up to the required chemical analysis. Then ad g 
silicon to bring the silicon up to the required analysis. Most of t! 
however, will come from the added iron. If it is done that way, in m) 
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ence, it does not act as a deoxidizer. A steel poured that way wi 
specifications, that is, will meet the drop tests. There will be 


saving. 


a 
This rail (exhibiting sample) was one made just the way | 
and you can see just about what Mr. Whiteley has deseribed, This 
hibiting another sample) was melted as carefully as we know ho 
steel. I mean, the deoxidation was as perfect as we know how to do 
The silicon was entirely added in the furnace. The hot metal was 
the furnace directly after the silicon and the manganese was added 
furnace. The aluminum was added in the ladle, about two-thirds ot 
per ton, or, in this case I think it was added as silico-aluminum to tly 
lent of nearly a pound per ton. I might add here that microsco; 
chemically we have been able to find very little aluminum in this ste 

| believe the reason today that rail makers prefer to make ingo' 
old way rather than the new is that when they deoxidize it and mak 
relatively sound, then the pipe cavity shows so plainly. Either the o!| 
new method steel will pass the drop test, because the drop test tests 
outer fibers and does not test any of this interior area where these hai: 
and something a little worse than hair cracks occur, 

EMI GATHMANN: Mr. Whiteley states that the metal ‘‘ 


nute porosities.’’ It would be of interest to obtain a more complet: 


contau 


deser 
tion of the finishing of the heat of steel and also of the type of mold in w! 


the ingot was cast, (big end down or big end up) as we have found that 1 
two factors largely control the soundness of the finished product, not o1 
to position of the shrinkage cavity or pipe, but degree of general cleanness 
steel and distribution and degree of porosity. 

Dr, C, H, Hertry: I would like to make just one statement as 
effect of finishing a heat on the amount of inclusions found in the rail. \\ 
made some tests on rail steels where we added the pig iron for reearbu: 
in the furnace, put the manganese in the furnace, and put th silicon 
aluminum in thé ladle. We found that if after the addition of the ™ 
burizer the heat lay dead in the furnace that the final rails had conside) 
amounts of inclusions, whereas if the heat in the furnace after the pig iro: 
added had a mild boil on it that these inclusions were very small in am 
and an analysis of the finished rails showed that the heats which were kill 
in the furnace had a very large amount of inclusions, whereas the heats | 
killed in the furnace but killed in the ladle had very small amounts 
boiling action in the furnace eliminated most of the inclusions formed 
the pig iron was added. 

J. G. Morrow: I am going to add a little that may be of interest in this 
connection, though I did not intend to when I came into the meeting. \ 
have been using (I am speaking of the Steel Company of Canada’s \\ 
at Hamilton, Ontario) a cascade method of pouring steel from ladle to 
The method originated with Sauveur, the equipment, ete. by MeKun 
latter invented the McKune port—so it is worth a little thought. 


The method consists in pouring the metal from the ladle, into a box 


(Continued on Page 234) 









































OF SOME OF THE CAUSES OF FAILURE IN 
HEAT RESISTING ALLOYS 


| ’ By ROGER SUTTON 

‘his 

how to ) Abstract 

do ° . . . ° 5 

Vas The object 0} this investigation was to determine Lhe 

a0 3, auses for failure in heat resisting alloys; specifically 

: al the reasons why nickel-chromium alloy carburizing boxes 

. ih, show so large a variation in their actual life m th 

seop urnace. The type of boxes referred to are of approx 

ate imately 60 nickel, 18 chromium and. 15 iron composition, 

lit . 

1 make st INTRODUCTION 

le { 

ests only t ‘| IIE process known as ** box carburizing’’ is extensively used 

eae at the present time. In this process the parts to be carbur 
ed are packed in a container, usually of some heat resisting alloy, 

ontaing e ra ; A 

abe 2 along with some carbonaceous material or ‘‘carburizing com. 

e@ desery ; 

1old in wi nound’’. sueh as chareoal, charred hoofs, and leather, crushed bone, 

id that thes S inixtures of barium carbonate, charcoal, etc. A cover is put on the 

not only as ox and the entire load is put into a furnace, heated to 1650 to 1700 


cleanne SN 


degrees Fahr. and held at that temperature for the period of time 
necessary for the carbon to penetrate the required distance into the 


he aie \\ » §=6piece. This usually requires from 10 to 36 hours. 

recarburizing It was held for many years that in the cementation of iron, 
silicon a solid carbon passed bodily from the packing material into the 
Mt the recar ; metal, followed by a slow migration toward the center. Recent 
. 5 nvestigations, however, have made it evident that the transfer of 
the carbon from the packing material to the metal is accomplished 
1 were kilk chiefly, if not altogether, by means of gases liberated or formed 
he heats not during the heat treatment. 

1ounts Carbon monoxide and volatilized cyanogen compounds are the 


Formed ; ve : 
vases Which seem most effective. It may be assumed that the earbon 


terest in this monoxide gives up its carbon to the iron according to the reaction, 


ieeting. W 

ada’s Works 2 CO + 3 Fe > Fe,C + CO 

dle to ingot 

MeKune, t! | the resulting Fe,C being dissolved by the austenite much as salt 


ito a bor A The ithor, Roger Sutton, is associated with the Timken-Detroit Axle Co., 


9) 
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is dissolved in water and the CO, being again reduced 
coming in contact with fresh carbon (CO, + C72 CO 
The particular boxes that interested the author wer 
a direct-fired, oil burning furnace with a compound 
principally of charcoal meal and barium carbonate wit 
amounts of sodium carbonate and impurities whose cor 
were chiefly sulphides. From this it ean be seen that we n 
to a great extent with the effect of the following gases on t! 
CO, CO,, Ba,S, NaS, SO, (from oxidation of sulphur in fuel 


free oxyeen. 














MATERIALS TESTED 






Kor this work, five boxes of different furnace life were chose; 
Care was also taken to select boxes showing different apparent 
reasons for failure, as in Figs. 1 and 2, which show a large crack. 
evidently due to shrinkage, some blisters just forming, and | 
large abscesses which have eaten in some places through the e 
tire wall of the box. 





Table I 
Chemical Analysis of Five Boxes Together With the Life in 
Furnace Hours of Each One 










(The guaranteed life of these pots is from 2700 to 3000 hours 


af 






Ni C1 ie \] Mn Si Life 






















| (98 60.61 16.39 10.46 0.942 1.15 2.62 At least 7500 hrs 
Il 1.09 47.93 92.58 13.88 2.30 1.40 4.77 727 hrs. 
lil 1.06 58.57 20.71 9.30 2.15 1.20 3.58 Less than 500 hrs 
1\ 1.09 56.71 13.81] °1.19 1.09 0.97 1.50 1549 hrs. 
1.04 60.04 18.70 15.81 eae 0.88 1.28 About 75 hours. 











A consideration of the analysis, Table I, shows that the carbo 
content has little, if anything, to do with the problem, as 11 
practically uniform in the five samples taken. The nickel is found 


to vary only in box No. II and this may be discarded as a possibilit) 
of failure due to the fact that there was no tendency toward scalins 
or the formation of abscesses; this box being apparently as good as 
new. It seemingly failed due to a combination of thin walls al 


cooling shrinkage. The effect of the chromium may be discarde 






inasmuch as boxes No. I and V show nearly equal percentages | 
that element and they are, respectively, the best and the poorest 
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Fig. 2——Photograph of Box Showing Blisters and Abscesses Which Have | 
in Some Places 


all those examined. There is slight possibility that the iron play: 
any part in the life of these boxes, since No. III, a very poor bo 
is lower in iron than No. 1; while No. V, also very poor, is 0! 
higher ferrous content. 

Aluminum seemingly plays a more important part than t! 

he ; th 

preceding elements. The four boxes containing aluminum we! 
more or less free from heavy scale; while box No. V, wit! 


4 


aluminum, showed a heavy and extremely detrimental scale 


only a very few hours usage. Fig. 3 shows the manner in wh 


inclusions occur in the pots. Fig. 4 shows the sealing effect 11 
No. V. These inclusions seem to be the basis of the abscesses 
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e iron plays 
ry poor box 


or, IS Ol 


rt than tli 


ninum wel 
V. with 


| scale atte Photograph at 4 Diameter Showing the Manner in Which Inclusions 


in the Pots. Fig. 4——Photograph at 5 Diameters Showing the Scaling Effects in 


in whiel ’ 


ffect in 
use SO much of the trouble in the boxes. Manganese has no ap 
FESSES 


parent effeet on the quality of the alloy and can be disregarded, 
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while silicon appears to affect the scale-forming properti 
extent as No. I1, the most free from seale, has a high silico: 
while No. V has much less. 








The theory was advanced that the furnace conditions 





years ago caused the formation of a thin protective scal 





vood boxes then in use, and that the conditions of toda) 








the formation of the abscesses. In order to ascertain the 





this suggestion, both a good and a poor pot was selected and so 








of the surface of each ground off. The abscesses on the pov 





were ground off and the boxes put back in use. After a pe. 





time these boxes were re-examined and it was found that j) 





good pot the same protective scale re-formed and in the poo 


the abscesses reappeared. This showed that either the furnac 





ditions are unchanged or that they have no noticeable etfect 








The aecidental noting that the good box was practically 


inagnetic and that the others were magnetic to a marked degre 





to a side line in the investigation. Brinell readings were taker 





the microsections closely studied for traces of martensite, troostit 





etc. This led to the discovery that the good pot was softer tha 





others, was less magnetic, and as would be expected, contai 





mainly austenite; while the others contained varying amounts 








the other structural forms of ferrous alloys. The Brinell r 





ings were: 








Box No, Brinell Number 
| LS7 
LI 241 
[1] 217 
LV 163 
V 192 





MICROSTRUCTURE 







It was thought advisable, before going further, to ma 
microscopic examination of the various parts of each box, so 


number of samples were cut, polished, and etched, showing eac! 





the following salient points: 
1. A good section of pot No. I. 
2. A good section of pot No. II. 
3. Section cut from central point of fracture, pot I! 




















through). 





4. Section cut from another corner of same central poin' 





Section parallel to closed crack, pot LI. 
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oon « Seetion parallel to open crack, pot II. 
1CO} \ vood section of pot No. ILI. 
| » Section taken to show inclusions running to surface, pot 
LOS 
Scale es 
) Section taken to show interior inclusions, pot III. 
oda) 1. A rood section of pot No. IV. 
the 11. A corner of two cracks, also showing line of demarcation 
ed and s through pot IV. 
he poor by 1” A section showing a fold in pot LY. 
| & pel 13 A section of pot No. V_ showing probable effect of no 
that in aluminum. 
he poor P T ‘ROGRAPHS 
HOTOMICROGRAPHS 
furnac 
etfect 'hese sections, under the microscope, resolved themselves into 
‘tically nor _ few main groups of which samples are shown in the accompany 
d degree ng photomicrographs. (Figs. 9 to 9) 


mm tal 

_.. a Analysis of Photomicrographs 

ter than t Fig, 5 shows a typical section of the good box and about the 

l, contain structure desired. It is free from slag and inclusions of any kind 

amounts nd shows a uniform distribution of austenite and cementite. It 

rinell rv should also be noted that the cementite is in a fairly globular con- 
ition, probably denoting a low pouring temperature, thus causing 
a slower rate of cooling. 

Fie. 6 is almost the direct opposite of Fig. 5. It is not as 
ean as the first, nor are the austenite and cementite areas evenly 
listributed. Moreover, the cementite, while partially globular, is 
enerally more needle-like in character. It also has a tendency to 
‘fan’’ out from some common point. This condition would lead 
me to believe that the casting had been chilled rapidly and that no 


to ma particular care was taken to keep the melt clean during pouring 


) wi ‘* - éé . °° ° ° Y ry ° 
h_ box, Fig. 7 shows a ‘‘dirty’’ section of pot No. III. Two large in 


Ng eaci ‘lusions are shown and the structure around them portrayed. These 

nclusions appear to be parts of the casting which were not com 

letely deoxidized. 

; ig. 8 shows a small interior inclusion with the evenly distrib- 

IT (bur — uted austenite and globular cementite on one side, while on the 
, ther the distribution is less even and the cementite grains approach 

L point the needle-like structure of No. 2. This would occur if one side of 


1 


the box was chilled and the other cooled slowly although such an 














































Fig. 5—Photomicrograph Showing a Typical Section of a Good Box. Fig 
micrograph of a Section of an Unsatisfactory Box, Fig. 7—-Photomicrograph 
Section of Pot No. III. Fig. 8—Photomicrograph of a Section Showing a Sn 
Inclusion. All Sections were Etched with FeCl,—HCl Solution. Magnification 1 
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Fig. 9—Photomicrograph of a Section of Box No. V Which Failed in a 
Hours, Due to Excessive Oxidation. Fig. 10—Photographs of Samples 
rom Test A. Both Pieces Badly Scaled. 





occurrence seems unreasonable. The inclusion shown is evidently 
the starting point of an abscess. It has most of the characteristics 
shown in photomicrograph Fig. 7, including the same apparent 
incomplete deoxidization. 

lig. 9 shows a section of box No. V which failed in a few 
hours due to excessive oxidation. The analysis shows it to be normal 
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¥. 






all 
structure indicates a difference in the condition of 
compared No. I. Whether 


analysis or foundry practice is difficult to determine. 


in respects except for an absence of aluminum. | 
this 


difference 





with box this 











EXPERIMENTAL DATA 
As was stated in the introduction, certain vases wer 


contended with. In view of this fact, sections of both the ev 








(No. I) and a poor one (No. IIL) were packed in various n 


of compounds which were selected primarily to greatly exa 








each of the above furnace conditions. The sections were 





proximately one inch cube and were so handled as to give 


one each of the followine surfaces: 








The two sections 


1 


surface, and a rough fractured surface. 








and bad, were then carefully packed into 


a cap put on each end. 





Each test nipple was then labeled, 








degrees Fahr. and left there for 240 hours. At the end 








piece noted and compared with its companion piece. 





ing table shows the effects encountered. 

































Contents Effects 
Test Letter Ca} Both pieces sealed bad 
A ja Sulphide form thin seale. 
Nal 
Fig. 10 Ca) 
Balt Carbonate 
Na] 





Compound-Free Sulphur-Clay 








A predominance of sulphides, 
particularly barium sul 
phide. 














Same as A but a predomi- Same as A_ but to 


nance of Carbonates, partic 
ularly Barium Carbonate. 





extent. 

















Millseale-Free Sulphur-Clay 
Mostly scale. 






No. 
No. 


| 1 
IT} 
attacked 


from 
from 
and 


| iece 
Piece 


SCa led 


Clay with some Sulphur 


None 





None 


Carburizing Compound 
Clay 


in a carburizing box in a direct-fired, oil burning furnace at 


i 





a polished surface. an outs 


» x 3 inch nipples a 


period the nipples were withdrawn, opened, and the effect on | 


The OQ 
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s tO eS 

| n eff 

Vo. 11] na 

acked Fig. 11-——Ph tograph of Samples from ‘Test B.  Effected Same as A in Fig. 10 
But to a Lesser Extent. Fig. 12-—-Samples from est C Piece No. 1 Shows Littl 
Effect Piece from No, Il Badly Sealed and Attacked 


\s previously stated, the packing materials used were selected 


exaggerate certain furnace conditions. In A the sulphides were 
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Fig. 18—Photograph of Samples from Test D. These Show No Effect 
Photograph of Samples from Test E. These Show No E ffect. 


to show the effect of the sulphides in the eompound. The carbonate 


were to duplicate the action of the energizer, while the mixtw 
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ro 
w 
~ 


> F .ompound, free sulphur, and clay was to supply other furnace 
1 B the same materials were chosen but with the idea of show- 
the effect of the carbonates instead of the sulphides, 
( was packed with millseale with the purpose of showing th 
et of oxides. 
1) was chosen to see if the fireclay used was detrimental. 
, was selected to show the effect of typical carburizing condi 





‘ions over a Short period of time. 
From the above results it would appear that the difference in 
nerformance of the various boxes was not due to either sulphides 
arbonates, since both the good and the bad samples were equally 
ttacked. Photographs Figs. 10 and 11 show a fairly large amount 
‘scale formation and give basis to the belief that the sulphide will, 
time, attack all nickel-chromium alloy of this variety. In this 
statement the effect of the carbonates is purposely disregarded since 
test A, with a predominance of sulphides shows a greater deposit 
‘scale than test No. B, thus giving rise to the assumption that the 
sulphides alone are responsible for such seale. This is further borne 
by the fact that the commercial ‘‘compound’’ used in test E 
ontains a large amount of carbonates which in no way affected 
ther piece. 
Oxides seem to be the cause of most of our troubles because, 
hile not attacking a good box in any way, millseale brought about 
onsiderable corrosion on pot No. III. The effeet of the materials 


i tests D and E was negligible, as shown in Figs, 13 and 14. 


GENERAL CONCLUSIONS 

Krom the foregoing results it seems to the author that the prin- 
ipal reasons for failure are:— 

l. Strains caused by un-uniform shrinkage. This diffieulty 
might be reduced by careful designing of the boxes, special cores, 
ul care in the foundry. An example of failure due to this cause 
‘ illustrated in pot No. IT. 
-. “‘Dirty’’ castings. By this is meant that slag and other 
uipurities were poured into the molds with the alloy. This was 
hoted in most of the poorer boxes. 








» carbonates ». The allotropic form of the casting. As has been stressed 
mixture 0 | “dove, the good box was almost pure austenite, while the others 
‘showed evidence of martensite transformation. 
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4. The rate of cooling. In the best pot the cem 
evenly distributed and in a fairly globular condition, 
slow cooling rate, while in some of the others an une 
tributed, needle-like structure is predominant, showin 
cooling rate. 

2. Incomplete deoxidization and occluded gases. 
ment is not to be confused with a previous one made concer 
effects of oxides on the casting. The latter is probably) 
























segregation of oxide-forming elements causing a subsequent 
of oxide scale. 

6. The absence of a degasifier, such as aluminum. ‘I! 
is well illustrated in pot No. V. 

[t is evidently possible to make a carburizing box that 
up for long periods of time under any ordinary conditions. || 
manufacturer can determine the difference in the way in 
these boxes are made, a large part of the troubles just dis 
will be eliminated and most of the suspicion with which these 
ings are now regarded will disappear. 

In conclusion, the author wishes to express his sincer 
tude for the interest and help extended him by the Timken- Det: 
Axle Company. 
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dish in the bottom of which are two pouring holes, one toward either end 
box stands on the tops of two ingot molds on the ends of two ordinary 
cars—the molds 3 to a car stand on steps, those farthest from the box 
lowest—in this manner the box forms an apex when two ears of m 
set up. The molds connected by short iron troughs about 6 inches « 
into the side and top of the higher molds, and provide an overtlow 
molten metal from the top to the bottom mold. 

Opening the ladle stopper the metal flows into the box in an 
sized stream, is divided into two and fills the two highest or end m 
flowing from these into the next lowest and then into the last or lowest. |! 






is also used a simple, cheap hot top of brick set into a recess 
sides of the mold top—these can frequently be used 3 and even 4 times 
Ingots poured by this method have a better billet surface, decr 


ing and segregation and greater uniformity. The result is obtain 






radically changing the equipment used ordinarily in open-hearth 
without interfering with regular operations as at present carried 









difficulty or delay has been experienced in striping the troughs 01 
two years operation. 
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A METALLOGRAPHIC POLISHING MACHINE 


By OrLANDO E. Romia ANb J. C. Wuerzen. 


A bstract 


The available metallographic polishing machines were 
died and many were tried, but there were the disad 
intages of sippage of belts and friction disks, excessive 

noise and vibration, all of which increased the difficulty 
f polishing specimens. It was decided to construct a 
polishing machine free from these defects and one that 
would have sufficient power to polish large specimens 
such as those used for macro examination. The horizontal 
disk type was decided on and a machine of this type was 
huilt according to the ideas of the authors. The result 
ing machine was very smooth runmng and gave very 
good results. 


T= microscopic study of metals has become a necessity in 
modern metallurgical laboratories devoted either to funda- 
mental research or mill control. The polishing of metal specimens 
for microscopie examination, especially if a surface suitable for 
icrophotography is desired, is a difficult task requiring the ut 
most eare and skill. Long training and experience are usually 
essential but these are not alone sufficient to permit the prepara 
tion of a surface free from scratches under high magnifications 
the proper polishing equipment is not available. Although 
everal metallographie polishing outfits are on the market, none 
seem to meet the ideal qualifications for metallographic polishing. 
Many of the machines have too little power to polish large speci 
mens for macrophotography. Some have the polishing disks ex 


posed to floating dust particles. Others lack the desirable feature 


it variable speed which is easily controlled. A number of the out- 


its are equipped with belt or friction drive or a combination of 
the two. Shppage of belts and friction disks, together with ex- 
essive noise and vibration, eliminate some of the outfits from con 
sideration. 


After a study of the available metallographic polishing ma- 


lines and the actual trial of many, it was decided to design an 


tht 


‘ 


ising one of the present models as a basis. The horizontal 


thors, O. E. Romig and J. C. Whetzel, are of Vandergrift and 
, Pennsylvania, 
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disk-type directly-connected to a vertically mounted » 
favored. This outfit permits the operator, while se 
bench in a comfortable position to hold the specimen o 
ishing wheel with one hand. It allows easy applicati: 
polishing powder and makes it possible to cover the w! 























it is not in use, thus preventing contamination from 
air. The horizontal disk outfit designed by C. Y. Clay 
taken as the basis for the improved design. Mr. Clayto: 
chine did not have variable speed, the size and shape of the }y 























was not entirely satisfactory for our purposes, no bowl cover 
supplied and it was not free from the splashing of polishing 
material. 











A photograph of the polishing machine finally adopted is sho 
in Fig. 1. For direct current, a one-half horsepower electr 
motor having a range of speed between 600 and 3000 revolutio, 
per minute was used. The speed is controlled by a rheostat ¢ 
nected in series with the field and may be further lowered 
sired by inserting a resistance in the armature circuit. A 
half horsepower electric motor of the brush-shifting type was s 
stituted for use with single phase alternating current. This mot 
was tested under actual service conditions and found to 
nearly any speed desired between 200 and 3000 revolutions | 
minute although the motor is not rated for quite so wide a rang 
of speed. Full power is not developed at the very low speeds 


this is not- absolutely necessary since these low speeds are tis 





















































only for finishing the specimen when light pressure only sli 
be exerted on the polishing disk. A lever is attached to the brush 
of the motor, enabling the speed to be varied readily. 

A high polishing speed and considerable power are desir 














when polishing large specimens for macroscopic or visual exa! 
ination. Such conditions are also convenient for quickly wear 
down the scratches on a specimen of any size. However, a hig 








speed gives considerable surface flow and distortion especiil! 
with the softer metals, so that a slow speed for the final polishins 
is essential. In fact our experience shows that with each polls 

ing powder it is desirable to finish with the disk revolving rather 
slowly. When investigating the nature of non-metallic inclusions 
the slow speeds are also desirable so that slag particles will! 

be torn out. 





























1Chemical and Metallurgical Engineering, Vol. 24, 1921, p. 346. 
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VETALLOGRAPHIC POLISHING MACHINE 


‘he bowl and disk, together with other small parts, are 


»ade of cast bronze. This is desirable from the standpoint of 


“rosion resistance, since rust particles are liable to interfere 


with the polishing. The diameter and depth of the bronze bowl 





Fig. 1-——Photograph of the Metallographic Polishing 
Machine Described in this Paper 


prevent splashing of the polishing materials, and permit it to be 
cleaned with facility. It is still sufficiently large to allow easy 
removal and insertion of the bronze disks. A hole was drilled and 
tapped in the bowl for the connection of a 34-inch iron pipe drain. 
An opening of at least the size indicated is essential since stop- 
page is lable to oceur. A spun copper top with handle fits snugly 
over the bowl. An outside projecting rim is provided so that the 
outfit may be fitted permanently into a bench. An economical 


} 
’ ' 


a serviceable bench may be constructed of steel bench legs and 
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oak or birch planks. The dimensions may be changed to 
individual needs of each laboratory. A glass of water wa 
on such a table, supported by two bench legs, with three 
running at 2700 to 3000 revolutions per minute and not 
ripple could be noted on the surface of the water. This smo 

of operation, which is not common to metallographic po 
machines having a friction or belt drive, enables an inexpe: 
operator to polish metal specimens with ease. If the disk d 

run smoothly and true even an experienced operator will 
difficult to prepare a surface free from scratches. 

It is very convenient to have three motors, each a separa 
unit. One may be used for emery powder, another for 600 alundw 
or tripoli powder and a third for rouge, alumina or magnes 
By this method three men can work at the same bench. If eco) 
in the cost of equipment is more desirable than economy of 
one motor alone may be used, utilizing separate disks for 
polishing powder. A tapered fit with clutch arrangement 
used and has proved very satisfactory in service. It enables t! 
















operator to change polishing disks easily by simply lifting the dis 
off the motor shaft and substituting another disk. 

A shelf built above the bench to hold aspirator bottles 
distilled water from which a tube drops over each bowl is a co 
venient arrangement to keep the disks moist. Plunger or hea 
push-button type switches with fuses may be mounted con\ 
ently on a switchboard along the front of the bench. A starting 
resistance is not required for a motor of the rating used 

It is believed that an outfit for polishing metallographic sp: 
mens should be as well built as machinery used in product 
and an outfit built as described gives constant service with littl 
or no attention except for bearing lubrication. Roller and 
bearings are used throughout. Although the initial cost of suc’ 
machines is greater than the ordinary type yet the saving in t 
and the convenience in operation quickly repay the higher firs' 
cost. 

Our appreciation is due the engineers of The Cincinnati El 
trical Tool Company for their helpful co-operation in the desig! 
of these metallographic polishing outfits, and also to M. E. [lazlet 
for valuable suggestions and criticisms, and to A. G. Young for 
assistance in preparing drawings. 
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Nonferrous Section 





ALUMINUM BRONZE — PART II* 


By JEROME STRAUSS 


Abstraet 


The aluminum bronzes or aluminum-copper alloys 
rich in copper have been known for a number of years 
and have been the subject of frequent researches since 
the early part of the 19th century. Ezatenswe com- 
mercial application has been of more recent origin and at 
present is growing at an extremely high rate. 

[he present paper is a review of the constitution, 
mechanical prope rlies and resistance to corrosion o| 
these aluminum-copper alloys with and urthout the ad 
dition of other elements. It 1s intended to provide those 
who up to the present time have been largely interested 
in steel and its heat treatment, with a survey of a por- 
tion of the nonferrous field in which mechanical proper 
ties, heat treatment practice and other features are 
closely allied to those of some common ferrous products. 


(b) Effect of Added Elements—-Mangamnese 


THE influence of manganese upon the tensile properties of bi 
| nary alloys of different aluminum proportions has been care- 

lv determined by Rosenhain and Lantsberry (71) and their 
lata upon the east, hot-rolled and cold-drawn forms are repro 
duced in Figs. 19, 20 and 21. Little comment need be made con- 
erning this data for, as the unit coordinates are the same for 
ll graphs, recognition of the effect of the added elements is rend- 
red easy. The data on alloys of zero manganese content are taken 
rom Carpenter and Edwards (58). Reference to Fig. 15 and 
lable VI will show that except for the binary alloys containing 
less than 10 per cent of aluminum the ratio of maximum stress 
in torsion to tensile strength is greater than unity; only for the 
lloys of highest aluminum content is it below unity. With hot- 


"I 1 of this paper appeared in the July, 1927, issue of TRANSACTIONS, page 69 

A paper presented before the eighth annual convention of the Society, 
hicago, September 20 to 24, 1926. The author, Jerome Strauss, is material 
neer, U. S. Naval Gun Factory, Washington, D. C. 
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ALUMINUM BRONZE 


Table VIII 
Specific Gravity of Binary Alloys 












Aluminum SPECIFIC GRAVITY 
Per Cent Sand Cast Chill Cast 
0.75 8.832 aco’ 
1.32 8.740 
9 92 8.570 8.569 
136 8,220 8.2738 
4 88 8.163 8.1638 
6.830 8.011 8.007 
6.98 1.937 7.948 
7.20 7.879 7.881 
& 38 7.767 7.770 
»°0 7.699 7.6838 
9 &O 7.592 7.586 
10.40 7.627 7.570 
Temperature, deq Cent 
0 100 200 400 400 500 
| \ A B 
| | | | ‘ ai 
(u- 94.944. 88 86% 
| | | Al- 4.90%. 9.67% 100 
Poh- 0.16% 0.17% 
Fe- 014% 0.75% 
0.03% 046% 
0 15% 
4 ? 80 
| | 
| | se 
cs 60S 
4 
Rhee . 
' x 
a 
| 
| | 
| 
t t 40 
j i 
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Temperature, deg. Fahr 


Fig. 18—Tensile Properties of Aluminum Bronzes 
at Elevated Temperatures (Bregowsky & Spring.) 


rolled bars of aluminum manganese bronze containing 8 to 10 per 


ent of aluminum and with the total aluminum plus manganese 


; 


less than 10 per cent nor more than 13 per cent this ratio 


varied from 0.75 to 0.90 the value decreasing from the maximum 


! 
tT} 


is the aluminum content increased. The angle of twist per inch 


of length at rupture was in these alloys not greatly different from 
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that of the binary alloys of equal strength—67 










Typical results were: 









Composition Maximum Stress Ang 
Al. Mn. ‘Torsion Tension Per in 
10.03 ().99 65,600 85,400 7 
8.9] 2.98 71,300 86.500 1] 
7.92 1.92 72,200 81.200 184 





TENSLE STRENGTH 





TENSLE STRENGTH 





















Fig. 19—Tensile Properties of Sand Cast Alumi 
num Manganese Bronzes (Rosenhain & Lantsberry.) 


















The relation of the properties of quenched aluminum! 
ganese-copper alloys to those of the quenched 10 per cent binar 
alloy are shown in Table IX; some very excellent combinations 0! 
strength and elongation are available. In his studies of an allo) 
containing 10 per cent of aluminum and 1 per cent of manganes 
Grard (226) observed that it was generally softer than the 90-1! 
copper-aluminum and responded less to heat treatment; upo! 
tempering a slight increase in strength occurred at 752 degree 
Fahr. (400 degrees Cent.) and a slight decrease in elongation a' 
the same temperature. Variation in the annealing temperatur 
effected no substantial change in strength but a decrease in elonga 
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Table IX 
Effect of Quenching upon Aluminum-Copper Alloys 


ALUMINUM BRONZE 


State and Quenching Treatment 





ield 
lbs 






Sand cast 25,300 
Sand cast 800° C. water 50,200 
Chill cast 27,800 
Chill cast 800° C. water 39,600 
+#” Hot rolled 33,100 
+#” Hot rolled 800° C, water 58,600 
1” Hot rolled 900° C,. fee cooled 32,200 
1” Hot rolled 900° ©. water 78,300 
; ... Sand cast 31,400 
0.92 eae ... Sand cast 800° C. water 29,200 
0.92 ea ... $$” Hot rolled 51,600 
0.92 an .-. ¢#” Hot rolled 800° C. water 54,200 
98 am ... Sand cast 24,200 
» 98 7 ... Sand cast 900° C. water 38,500 
2.98 ‘ ..» $$” Hot rolled 44,800 
SS wen .-» +” Hot rolled 900° C, water 44,600 
8.29 ... 1” Rd. forged 900° C. water (b) 15,300 

3.29 ... 1” Rd. forged 900° C. water 
400° C, air (b) 46,000 

3.29 ..» 1” Rd. forged 900° C. water 
538° C. air (b) 40,800 
3.19 a 1” Rd. forged 900° C, water (b) 25,600 

3.19 ... 1” Rd. forged 900° C. water 
400° C. air (b) 42,100 

3.19 ... 1” Rd. forged 900° C, water 
538° C. air (b) 49,700 
3.51 .-. 1” Rd. forged 900° C. water (b) 22,000 

3.51 1” Rd. forged 900° C, water 


815° C. air 
3.51 .-. 1” Rd. forged 900° C. 
538° C., air 
Chill cast (c) 928° C. 


3.69 


3.69 Chill cast (ce) 928° C, 
370° C, air 
3.69 Chill cast (c) 928° C, 


593° C, air 





1.88 2.46 1” Hot rolled 900° C, 
9.88 2.46 1” Hot rolled 900° C. 
44 4.95 1” Hot rolled 900° C. 
1.44 4.95 1” Hot rolled 900° C, 
1.70 7.48 1” Hot rolled 900° C. 
- «ee 7,48 1” Hot rolled 900° C. 

1) Mesnager notch, 2 mm. dia., 2 mm. 

(b) Proportional limit. 


(c) 1%” 


and 2” dia. chill bars machined to 4” 


water 


water 
water 


water 


fee cooled 
water 

fce cooled 
water 

fce cooled 
water 
deep. 


(b) 44,700 


(b) 44,900 
(b) 19,000 


(b) 23,900 
(b) 24,000 


40,500 
40,300 
$0,300 
42,000 
44,800 


dia. before treatment. 


tion occurred at 932 degrees Fahr. (500 degrees Cent.). 
loss of elongation upon annealing the higher-aluminum binary 
alloys, particularly in the vicinity of the eutectoid transforma- 
lin has already been noted; the binary alloys however lose con- 
siderable duetility by high temperature annealing (1472 degrees 
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71,000 
112,100 3. 
82,700 30.5 
86,3800 22. 
85,300 28. 

101,800 11.0 16.8 
57,500 9.0 10.4 
120,000 9.3 ‘ 


80,100 
92,500 6.0 owe 
96,000 22.5 33.6 
101,900 11.5 
70,800 24.0 
88,200 9.0 cen 
89,600 389.0 43.6 
97,900 23.0 


85,100 1.0 2.7 6.4 
118,000 1.3 4.3 8.8 
95,600 2.5 6.2 3.8 


104,300 1.8 12 15.2 
112,700 9.3 13.2 7.9 


102.900 1 
95,500 


98,700 


2 
3 
107,000 3.5 4.4 8.3 
8 
98,600 18. 


95,700 28.8 28.8 


92,100 23.5 24.7 








71,400 12. 
101,500 5 
77,400 16. 
104,300 4 
89,300 18 
111,000 6. 
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Fahr. or 800 degrees Cent.) as well. Rosenhain and [a; 
(71) observed a similar loss in elongation with 10 per ce: 
inum alloys containing up to 2 per cent manganese for a 
temperatures in the vicinity of the transformation and { 
but not rolled bars at about 1472 degrees Fahr. (800 





Cent.) but it was much less than in the binary alloys. 
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Fig. 20—Tensile Properties of 1-%-inch Hot- 
Rolled Bars of Aluminum Manganese Bronzes (Rosen 
hain & Lantsberry.) 


tradistinction to this alloys of 9 per cent aluminum and 2 to 
per cent of manganese show an improvement in ductility upol 
slowless cooling from both low and high temperatures. 

At elevated temperatures there is no appreciable improvement 
resulting from the addition of manganese to aluminum bro! 
a similar maintenance of the room-temperature tensile strength 1s 
observed, in these alloys up to about 482 degrees Fahr. (250 di 
grees Cent.). Rolled bars of 9 to 10 per cent of aluminum and | 
to 3 per cent of manganese showed a uniform endurance limit 0! 
27,800 pounds per square inch which is quite comparable wit! 
values shown in Table VII. 
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ALUMINUM BRONZE 


Iron 





The alteration in tensile properties resulting from the addi- 

iron (124) is shown in Fig. 22; the results for zero iron con- 
are taken from Carpenter and Edwards (58). This data is 
test bars cast in sand; no results of systematic investigation of 


or drawn alloys have been found in the literature. A few 
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Fig. 21—Tensile Properties of }?-inch Cold Drawn 
Bars (7s-inch Final Reduction after Annealing) 

Aluminum Manganese Bronzes (Rosenhain & Lants 
berry.) 


tests Of quenched and tempered bars containing 8.75 to 11 per 
ent aluminum and slightly over 3 per cent of iron are given in 
Table IX. Grard (226) studied the influence of heat treatment 
ipon an alloy containing 11 per cent aluminum, 4 per cent iron 
ind 4 per cent nickel; with increase in annealing temperature there 
vas no change in tensile strength but at 1382 degrees Fahr. (750 
vegrees Cent.) there was a small drop in the elastic limit with a 
simultaneous inerease in elongation and impact resistance. The 














alloy responded to quenching and tempering to a very moderate 
degree but showed a slight rise in the tensile strength curve when 


246 TRANSACTIONS OF THE A. 8. 8. T. 


tempering at 752 degrees Fahr. (400 degrees Cent.) sy 
to quenching from 1652 degrees Fahr. (900 degrees Cent 
ical tensile properties were: 


Heat Klastie Limit Tens. Strength 
‘Treatment Ibs./sq. in. lbs./sq. in. 
pg ee 104,100 
(Juenched 900°C,, Tempered 400°C... 80,600 117,600 
(Juenched 900°C,, Tempered 600°C... 62,700 106,300 








Fig. 22-—Tensile Properties of Sand Cast Alumi 
num Iron Bronzes (Corse & Comstock.) 


] 


Table X contains the results of tests on bars of cold-rolled |o\ 
aluminum bronze with and without small amounts of third elements 
after heating to various temperatures for 30 minutes and air co 

ing. The iron is most effective in increasing the strength due to 
eold working and also in retaining the high strength values upo! 
subsequent reheating. 


Nickel 


Studies of the influence of nickel upon the properties of tle 
aluminum bronzes have been highly productive. In Figs. 





ALUMINUM BRONZE 
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and 25 are given the results of the tensile tests of Read and 
(100) upon chill cast, hot-rolled and cold-rolled bars. |] 
parisons with large amounts of other data it is believed | 
chill cast bars may be safely compared with other sand 
recorded here and the cold-rolled bars with those cold 
other investigations. As with other addition agents the | 








des en ep ase Ret 
0 ‘2 
NICKEL 


Fig. 23 Tensile Properties of Sand Cast Aluminum Nickel Bronze 
(Read & Greaves.) 


effects of each added per cent of nickel are less with low percentages 
of aluminum than with larger amounts. The tensile propert 


I 


resulting from quenching 10 per cent aluminum alloys contai 
nickel are of about the same order as those resulting from 
quenching of the other alloys studied (see Table IX). Nickel 
more like manganese and less like iron in both the low a 
aluminum alloys, in that it increases ductility over that found 
binary combinations but adds less rigidity and hardness 

alloys than does iron. Differences in the behavior of iro! 
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| manganese in these alloys are readily seen in the following 


figures : 


Condition Micro. Yield Point Tens. Str. 


Elong. 
Temp. in °F No. lbs./sq. in. 


in 2” 
As Chill Cast 6c 35,700 80,900 94.8 
1700 Water 800 Air 6d 37,900 88,000 19.8 
As Chill Cast 7a 29,300 69,100 47.5 
1700 Water 850 Air 7b 30,600 75,800 23.8 
As Chill Cast 7¢ 38,700 64,100 46.3 
1700 Water 850 Air 7d 32,200 43,100 6.3- 
As Sand cast 6a 28,000 75,500 48.5 
1700 Water 850 Air 6b $4,300 80,400 80.8 


s 


lbs. sq. in. % 


Reference was made in an earlier section of this paper to 
nhenomena of quenching and tempering in certain aluminum 


ckel-copper alloys in which hardening resulted from precipita- 


ious 
eons 
—————— 


4 


- 


Oe 


T 

i 

i 

$-+——+—$— +5 
‘ 

/ 
len 


— > 
A eadimandl 
/ y 








eee 
fh ~=-p—4-—— 


hentia 


percent Int NICK) 

»_propert | | : | 

: Fig. 24—Tensile Properties of 1-inch Hot Rolled 
and Annealed (900 degrees Cent.) Bars of Aluminum 
Nickel Bronzes (Read & Greaves.) 


; contall 
¢ from 
Nickel 


tion in ‘a finely divided form of a structural constituent retamed in 
, 


solution by quenching. In Fig. 4 each pair of numbers is located 
at a point on the ternary diagram representing the composition of 
one of the alloys studied by Read and Greaves (184); the upper 
number is the Brinell hardness of the annealed alloy and the lower 


W dal 
Found 
ness 


Iron 
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one the hardness of the quenched alloy. To the right o{ 
alloys harden on quenching by retention at room temper 
the beta solution; the properties of alloys of this type 

in Table IX. In the area CDB the alloys are softer when q 
than when annealed and with certain tempering treatmen} 
quenched alloys grow harder due to precipitation of the hard 





Fig. 25—Tensile Properties of 3-Pass Cold Rolled 

Bars (Nickel-Free Bars Cold Drawn) of Aluminum 

Nickel Bronzes. (Read & Greaves.) 
stituent retained in solution by the quench. Typical mechan 
tests upon these alloys are given in Table XI. The exceptiona 
high properties of the cold-rolled and reheated bars and the ex 
cellent combination of strength and ductility in the quenched and 
tempered bars are worthy of note. Alternating stress tests 0! 
these alloys showed an endurance limit of about 24,000 pounds pe! 
square inch for the quenched rolled bars and about 28,500 pow 
per square inch for those annealed and slowly cooled. 


Phosphorus, Manganese, Cobalt, Silicon, Tin and Zin 


tuillet’s tests (251-252) of alloys containing phosphorus, mag 
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Table XI 
Tests of Special Aluminum-Nickel-Copper Alloys 


State and Heat Treatment 


hill cast 


Chill east 900° C. fee. cooled 

Chill cast 900° C, (60m) Water 
700° (30m) air 

Cold rolled %” diameter 

Hot rolled 4%” diameter 

Cold rolled 4%” diameter 


6” Cold rolled, 200° C. (30m) air 


%” Cold rolled, 300° C, (30m) air 


" Cold rolled, 600° C 
” Cold rolled, 700° C. (30m) air 
900° C. Water 


] 

1 

li, 

4%" Cold rolled, 500° C. (30m) air 
WA 

% 


6” Cold rolled, 420° C. (30m) air 


. (30m) air 


900° C. Water 600° C. (30m) air 
900° C, Water 600° C. (120m) air 
900° C, Water 700° C. (30m) air 
900° C. Water 800° C. (30m) air 


nesium, cobalt and silicon are shown in Tables XII, 


nd XV. 


29,100 
67,200 
26,900 
44,800 
76,200 
69,400 
56,000 
85,800 
838,600 

9,000 
26,800 
32,500 
29,100 
22,400 


14,300 
35,800 


42,300 
72,500 
103,300 
124,000 
118,200 
116,800 
112,100 
113,100 
81,500 
62,700 
19,800 
41,300 
50,400 
50,800 
84,500 


45,500 
72,000 


68,600 
85,300 
109,900 
126,500 
119,800 
117,600 
115,000 
119,000 
100,800 
90,600 
65,400 
88,900 
92,700 
96,800 
86,600 


to bo 
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ne 
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cr 


Hardness 


Reduction of Area 


XIII, XIV 


The danger of using phosphorus or magnesium for 


leoxidation is apparent; small residual amounts would depreciate 


the mechanical properties of the bronzes so treated. The data on 


Table XII 
Tensile Tests—Aluminum-Phosphorus-Copper Alloys 
AS CAST 
nechar | - 
Brinell 
Hardness 


Tens, Str. Elongation Reduc. 
Ibs./sq. in. % in 2” Area % 


COMPOSITION 


Yield Pt. 
eptiona P Ke Cu 


lbs./sq. in. 


0.39 
0.20 1.92 
0.36 1.60 
1.62 


id the eX 71 Nil 89.73 80,200 62,100 20.5 
4.08 88.22 28,800 43,800 6.0 
88.89 26,900 36,700 5.0 


88.63 18,000 23.200 4.0 


29.3 110 
14.2 


15.5 


neched an 
U.60 

S tests ol 

ounds pe! 


00 pounds obalt aluminum bronzes also furnishes another instance of dis- 
smiliarity in the effect of this element and that of nickel on the 
same metallurgical product. Silicon is quite evidently not bene- 
ielal as it imparts to higher aluminum alloys brittleness without 


appreciable strength increase and in lower aluminum alloys the 


Zin 


rus, 
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Table XIII 
Tensile Tests—Aluminum-Magnesium-Copper Alloys 
AS CAST ANNEALED 
COMPOSITION Tens. Str. Brinell Tens. Str. KE} 
Mg be Cu Ibs./sq. in. Hardness Ibs./sq. in. 



























10.15 0.50 0.23 89.14 53,300 179 51,700 
8.92 0.99 0.34 89.74 35,500 146 45,900 


2.81 
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Table XIV 
Tensile Tests—Aluminum-Cobalt-Copper Alloys 





AS CAST 








ANNEALED 8 


me 






o 
. . 7 
7 » " ey 
- a / o 
, ’ © a u 
vo ~ . a r 
, _ & © ” 
a . ’ & a 
= h «- - o be 
~ be u poy ~ 
oe om a = 7 
~ 
: ot 
_ by 


COMPOSITION 
A] Co Ke Cu 


Tens 
Elor 
Re d c 
Brinell 












9.14 0.48 0.58 89.92 28,400 47,000 12.0 15.5 116 238,500 58,400 18. 
8.86 0.92 0.49 89.70 22,200 47,600 16.0 28.8 102 28,500 55,400 6 
6.60 2.97 0.82 90.07 81,600 54,700 4.5 15.5 157 384,400 655,700 { 
















Table XV 
Tensile Tests—Aluminum-Silicon-Copper Alloys 





AS CAST 








ANNEALED 800 
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4.06 0.08 0.01 95.90 6,500 385,700 70.0 81.7 49 6,100 37,600 68.0 
















3.82 0.90 0.01 95.86 8,900 37,409 34.0 cea 62 8,500 38,800 41.0 
4.038 2.79 0.28 92.96 29,200 63,300 15.0 19.4 110 18,800 651,100 34.0 
6.68 0.05 trace 93.45 8,900 42,000 58.5 el 48 7,900 438,900 71.0 
[7 as ae Se”. ~ Getce 43,700 1.0 .». 175 49,600 60,100 0 








strength increase 





is not sufficient to warrant the sacrifice in duct 
ity. A few of the author’s results with the introduction of tin and 
of zine into iron-bearing bronzes are included in Table XVI and 
Read and Greaves (119) work with tin added to the binar) 
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Table XVI 
Effect of Tin and Zinc On Aluminum-Iron-Copper 


POSITION : = 


Sn Zn Condition & 


Sand Cast 19,3800 75,600 
Chill Cast 24,000 83,200 
Forged and Annealed 35,100 87,800 
Sand Cast 20,300 79,300 
Chill Cast 25,000 84,300 
Forged and Annealed 31,700 88,200 
Sand Cast 20,900 66,900 
Chill Cast 27,600 75,300 
Forged and Annealed 31,500 69,700 
Sand Cast 21,400 75,600 
Chill Cast 27,600 82,700 
Forged and Annealed 37,200 89,000 
Sand Cast 53,600 92,600 
Chill Cast 59,000 95,600 
Forged and Annealed 71,800 105,100 


Mesnager notch, 2 mm, dia., 2 mm. deep. 


Table XVII 
Tensile Tests of Aluminum-Tin-Copper Alloys 


AS CHILL CAST ANNEALED 


oC 
c 


of Area 


n 


IMPOSITION 


on 


Reduction < 
Elongation % 
Reducti« 


36,700 67,700 ; 5.6 32,500 65,700 
21,500 44,000 22. 24.2 16,600 47,500 
81,400 67,000 25. 27.0 19,700 61,200 
18,900 42,500 § 46.7 12,500 88,600 
16,100 87,500 9.! 23.2 15,200 88,800 
21,300 33,600 3.5 20,800 35,000 
21,500 $2,500 3.! 3.8 17,500 28,800 


or wor 
eonwoqa- 
Te a 
D=— oo 


» in ductil Table XVII. Tin is not harmful at a half per cent in these 


vronzes but at one per cent or more it produces brittleness through 
XVI and ‘combined loss in strength and ductility. Above 2 per cent of tin 


~ 
lary alloys ot 


of tin and 


forging cannot be suecessfully accomplished but by reducing 
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Table XVIII 
Specification Values—Aluminum Bronze 






COMPOSITION 


Ou Fe Al Sn Impurities (Pb, Z: 
85—87 2.5 1.5 ] 9 0.5 max 0.1 max 
















Yield Point Tensile Streng 


Material lbs./sq. in. lbs./sq. in 











I Picthed ies ew are bd bein as be ae bal ee et awe 


eeces 75,000 
Castings 70,000 


rr i Ce a tk ons crulde sub bin aes 10,000 80,000 
Rods and Bars (over %” to 1”) ae -.- 37,600 










75,000 
rr ee gee bab aew ... 865,000 72,000 
OD in Oona 08000008 000% inser a tai inl : vee eee 75,000 
Sheets and Plates (to %” and to 30” wide)..... 40,000 80,000 
Sheets and Plates (to %” and over 30” wide)... 89,000 78,000 
Sheets and Plates (over 4%”) ......ceceeees 87,500 75,000 















All wrought material required to bend 120 degrees around 


a radius equal 
or thickness, without signs of fracture 


the temperature to about 1022 degrees Fahr. (550 degrees Cen: 
this limit is extended to 4 per cent for aluminum percent 
below 10; with up to 4 per cent of tin and 8 per cent of alumi: 
the alloys may with care be cold worked. Zine is not harmful at 
one per cent and is not excessively damaging at 10 per cent 
the added strength imparted by it may be secured alone 
greatly improved impact resistance by the heat treatment o! 
of the other three-metal bronzes just described. 


Lead 





As noted earlier in this report, the machining of alumin 
bronze is severe upon tools and the chips are long and tough as | 
the machining of forged steels. ‘To render tool wear less acut 
make the metal free-cutting so as to widen its field of applicaty 
it has been proposed to introduce lead as in leaded brasses 
leaded nickel silvers. But lead is not readily incorporated 
molten aluminum bronze so that either tin.or manganese are used 
to retain it in more or less uniform distribution. ‘The physica 
properties are somewhat adversely affected but not to so great 











degree as to make the alloy unsuitable for engineering structures 
Typical test values are as follows: 








Composition Tens. Strength 
Cu. Al. Ke, Mn, Pb, Sn. lbs./sq. in. 
87 9 3 0.5 0.5 75,700 
87 10 l 1 l 71,000 6.5 
89 10 l (for comparison ) 78,300 6.8 
88 9 3 (for comparison ) 90,100 
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hove were all chill castings. Considering character of finish 
most satisfactory machining alloy on light turning and hand. 
ho threading was the last one in the tabulation; the second 


y however was the only one that was reasonably successful on 


Table XIX 


Average Test Values—Aluminum Bronzes 


Physical Properties 


grees ( ¢ 


VPOSITION 

percentag \] HK Condition 

T alumir 

Sand Cast ,000 25,000 72,000 
harmf ll at ( Cast and H. T." 27.000 48,000 90,000 
Forged and H. T.* 35,000 58,000 95,000 
er Cent hnt . Sand Cast 2.000 27,000 74,000 
Cast and H. T.* 31,000 54,000 90,000 
alone Wit : Sand Cast ,000 32,000 81,000 
Cast and H. T.* 35,000 58,000 98,000 
lent ol Forged and H. T.* 47,000 70,000 103,000 
Sand Cest 7.000 81,000 77,000 
Chill Cast 7,000 81,000 79,000 
Cast and H. T.** 24,000 $0,000 84,000 
Forged 18,000 38,000 85,000 
Forged and H. T.** 26,000 50,000 88,000 


> ons about 1%” 
t aluminu ‘Sections about 3%” 


nager notch 2 mm. dia., 2 mm, deep. 
tough as } 

S acute 

application itomatic serew machines due to the ease with which chips cleared 
brasses i the tool. 


orated (c) Commercial Alloys 
ee are used 
he physica Although many of the facts disclosed in previous sections have 
an reat 8 een available for many years and the corrosion-resistance and 
structures wear-resistance known as a result of service trials, lack of atten 

tion to established requisite foundry practice has delayed extensive 

manufacture and application until quite recent years. The first 


pplications were of the binary alloys, the one containing 5 per 


ent aluminum in the rolled form and the 10 per cent alloy in both 


ie rolled and east states. More recently ternary alloys have grown 
in popularity ; in the United States those containing iron have been 
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most widely used while in European countries many 
manganese and with nickel have found favor. 
With this increased application specifications h; 
a necessity, those of the United States Navy Departin. 
summarized in Table XVIII. In Table XIX will be fou, 
production data on some binary and iron-bearing tern 
It will be of use for some applications to record that 
cent aluminum alloys with or without iron, as cast have ») 






Table XX 
Average Properties—Commercial Rolled Aluminum Bronze 









HARD 


SOFT 


goth 


= 








= = 

§ 3 & 

) ~ D 

. to oD ; 

, ' S & f 
COMPOSITION So > 1 S 
> _ bh > 

Al Fe a) foe) — 














5 69,000 12 (a) 130 53,000 

5 100,000 (ce) 10 (b) aia hikwiee 

8 83,000 20 (a) 155 60,000 6 
8 130,000 (c) 4 (b) see! | Etewes 

10 96,000 5 (a) 71 80,000 

10 125,000 (c) 5 (b) eit” «ly Gas. 

~ 8 110,000 8 (a) 205 &2,000 

s 3 125,000 (c) 5 (b) so- ~. oe 

LO 3 118,000 2 (a) 183 100,000 

10 3 130,000 (c) 5 (b) 
















(a) Elongation in 8”, 
(b) Elongation in 2”. 
(c) These values obtainable only by severely working small sections. 


limit’’ in compression (0.001 inch permanent set on a 1.129 ine! 
diameter, 1 inch high cylinder) of about 18,000 pounds per squar 
inch. The 89-10-1 cast alloy when heat treated shows a compress 
‘‘elastic limit’’ of about 52,000 pounds per square inch and 
forged and heat treated 86-10-4 alloy a value of about 60,000 pounds 
per square inch. 

Average values for the rolled commercial alloys® are give! 
Table XX. Very high tensile strengths may be secured )b) 
working these metals as illustrated by some tests of the autho! 
0.037 inch strip of 88 copper, 9 aluminum, 3 iron, viz: 


9 Tens! 







*H. A. Bedworth, American Brass Co., in private correspondence. 
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of 150,100 pounds per square inch with an elongation in 
of 2.8 per cent. 

ommerecial production of heat treated articles it is often 
taveous to know the effective depth of hardening of the 
being fabricated. The 88-9-3 copper-aluminum-iron alloy 
ynot be caused to develop increased tensile strength by quench- 
‘) cool water in the usual manner, when over 0.75 or 1 inch 
thickness. Small variations in aluminum content have a great 
‘uence upon this limit of hardenability. The 90-10 alloy hardens 
npletely in 11% ineh sections, the 86-10-4 iron-bearing alloy in 
bout 214 inch sections and the 85-11-4 iron bearing alloy in 3 to 
inch sections. As an illustration, 86-10-4 alloy 4 inches in 
‘iameter forged bars quenched from 1680 degrees Fahr. showed 
» Rockwell hardness (C seale, 150 kilogram load) at the surface 
nd 11 at the center and quenched from 1580 degrees Fahr. 22 
Rockwell at the surface and 11 at the center; similar bars of the 
10 alloy hardened to 27 at the surface and—6 at the center from 
1j80 degrees Fahr. and 22 at the surface, and—8 at the center from 

580 degrees Fahr. 

V. OTHER PROPERTIES 
(a) Electrical, Thermal, etc. 


lt is not proposed to burden this paper with physical data of 
rather infrequent use in metallurgical work; a few of the more 
ommon constants are included here and for other data recourse 
ust be had to the appended bibliography. 

The specific gravity of the alloys taken from Reader’s work 
229) appear in Table VIII. Alloys containing above about 7.5 per 
ent of aluminum are lighter than carbon steels (mean specific 
vravity about 7.83). 


This same investigator has found an appreciable expansion 


during the solidification range which reaches a maximum at 4.5 per 


ent of aluminum and is zero at the eutectic composition, then in- 
reasing rapidly as the aluminum content is further raised. Sub- 
sequent shrinkage is, of course, high and Endo (273) records 4.27 


ome | 
’ 


per cent for an alloy of 12.9 per cent aluminum. He gives the 
mean coefficient of thermal expansion of the same alloy over the 
range of 68 to 1832 degrees Fahr. (20 to 1000 degrees Cent.) as 


OOOOTO5. 


The patternmaker customarily allows for a contrac- 


< 


tion of 5 ineh per foot. Important volume changes occur at the 
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eutectoid transformation also. The thermal conductivit, 
determined by Williams and Bihlman (247); these i) 
report a mean value of 0.174 over the range of 266 to 6 
Mahr, (130 to 350 degrees Cent.) for an alloy containin 
cent aluminum and 0.47 per cent tin. 

Pecheux (64) has determined values of electrical 1 
follows: 





Aluminum Content 





Specific Resistance at Tem, 
OS ic ccscsevctvecees SO ere 


+ ). OOO0OR: 
o cee eeeeeececeeeeee 10,21 (1 + 0,00070t + 0.0000021 
6 aN seeeeceseee 11,62 (1 + 0.00055t + 0.0000021 
an. Ceeueee ct ed ..eeee 13,62 (1 + 0,00036t + 0.000001) S 


10 <yeeas wield ..eee 12,61 (1 + 0.000382t + 0.000002 






The permeability of the alloys is extremely low, that 
yractically non-magnetic. 
. 5 





(b) Corrosion 





[t is the resistance of the aluminum bronzes to the corros 
action of many agents that, combined with the excellent physi 
properties, has been responsible for their commercial developme: 
They are not in any sense nontarnishing for under certain co 
tions green to brown films form rapidly on fresh surfaces; bu 
respect to deterioration and loss in strength they have prov 
many instances to be practically immune. 

Carpenter and Edwards (58) tested their alloys in sea wat 
and in fresh water. In the former, alloys of 3 to 10 per 
aluminum showed practically no weight loss and were much supe! 
ior to Muntz metal and naval brass; the one per cent alumi 
alloy lost less than the copper-zine alloys but was poorer tha 
other aluminum bronzes. In sea water in metallic contact wit! 
medium carbon steel, none of the copper-aluminum or copper 
alloys lost in weight. In contact with the steel in fresh water ther 
was slight corrosion of all the copper alloys with the copper 
slightly better than the copper-aluminum. The author’s own | 
periments with aluminum bronzes and aluminum iron bronzes 1! 
actual service and when tested by a sea water spray have prove 
them to be equally as resistant to deterioration as any other coppe! 
alloys not containing large amounts of nickel and greatly super 
to manganese bronzes. 


Alloys of 9 to 10 per cent of aluminum with 1 to 3 pe! 
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were found by Rosenhain and Lantsberry (71) to diffe 
ittle from the binary alloys in their behaviour in fresh and 
There is a tendency to lose more weight when alone and 
chen in contact with steel than in the case of the binary alloy, 
the exception that with 3 per cent of manganese all losses 
smaller than in the alloy without manganese; all of the 
sht losses were, however, of extremely small magnitude. 
Read and Greaves (100) made extensive corrosion tests of their 
‘num-nickel-copper alloys both annealed and cold-rolled, not 
‘y sea water and fresh water but in alkaline and in acid solu- 
vc as well. Nickel was found to increase the resistance of 1.5 
nd 10 per cent aluminum bronzes to sea water to a marked degree 
not to influence the weight loss in fresh water. All of the 
ronzes were superior to Muntz metal and naval brass in fresh 
fer, and in sea water only those with 1 per cent aluminum and 
ass than 314 per cent nickel were not markedly superior to the 
rasses. In both 5 per cent and 10 per cent aluminum bronzes 
ke] decreased the losses in alkaline solutions; in the former nickel 
| not influence the resistance to acids but in the latter weight 


losses increased rapidly upon the addition of an increase in nickel. 


Read and Greaves (119) also found that the introduction of tin 
lid not greatly affect the loss in weight of aluminum bronzes upon 
xposure to sea water and fresh water. With large amounts of tin, 
tting occurred (a phenomenon not often found in aluminum 
ronze) particularly in fresh water; these high-tin alloys are not, 

ever, of technical value as their mechanical properties are un- 
lesirable. 


In addition to these experimental determinations it is per- 


tinent to record that as a result of actual trials, aluminum bronzes 


ire technically serviceable in contact with sea water, cold and hot 

lilute sulphurie acid, certain concentrations of cold hydrochloric 

‘id, alkaline liquors and a great number of neutral and acid salts. 
VI. APPLICATION 


The three factors responsible for the varied uses of these metals 


re the high strength combined with either very high or moderate 


vat 


safe ductility, low coefficient of friction against steel and some 
ther metals, and stability when in contact with many corroding 
media, 
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Because of their strength properties and resista) 

















water they have been applied as highly stressed structur: 
in auxiliary equipment on board ship, in submarine e 
and in aireraft construction. They are employed in la 
tities in pickling equipment for crates, racks, supporting 
rods, ete. In pumps, fans and exhaust ducts appreciab|, 
of these alloys are applied. 

Their bearing qualities combined with their stre 
brought the aluminum bronzes, particularly those contain 
into the field of worm-wheel and gear construction so 
of this character made of these alloys are now found in aut 


The high r 


to compression also renders the forged and heat treated iro: 


trucks, elevator equipment, gun mounts, ete. 


ing aluminum bronze suitable for roller and roller path const) 
where corrosive influences are present and loads are mode! 

for large cylindrical bearings at the surface of which speed 
but 


low loads are extreme. 


















VII. BreuiogRarpny 





The bibliography contained in the following pages 
stated to embrace all publications in which mention has bee 
of copper-rich aluminum-copper alloys but it is believed t! 
original investigations in which they have played a principal 
have been included and, along with them, all other articles t! 
readily accessible. It will, it is believed, provide the invest 
with all of importance and value that has been uncovered 
study of these alloys. 
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DISCUSSION 


Written Discussion: By G. F. Comstock, Niagara Falls, N. Y. 

This complete and scholarly paper is a valuable contribution to the litera- 
on aluminum bronze, as practically all the previous information on the 
t as well as the fruits of the author’s experience are here collected 

The writer is not able to add anything really important in this dis 

on; but there are a few minor points on which Mr. Strauss’s opinions or 


ts seem to differ from his, and perhaps it would be worth while to present 


refly this slightly different view point. 


try) 


8 


In his diseussion of melting practice the author seems to favor the idea 
oxidation is the chief trouble to be avoided, and is a cause of serious 
ss formation in castings. Since the appearance of the paper by Woyski 
Boeck on ‘‘Gas-Absorption and Oxidation of Metals’’ 
nsactions, A. I. M. E., Vol. LXVIII, P. 861), however, it is becoming 


and more generally accepted that melting must be carried out in a neutral 


Nonferrous 


slightly oxidizing atmosphere to avoid gas absorption from a reducing 


osphere 


in the furnace and porous castings. A skin of oxide is always 





rmed 


on 


the surface of the melt, but it does not become too thick or 


j 


+) 


proportional to the agitation produced in filling the mold, 


wr 


n 


into the metal below when the usual covering of charcoal is present 


pot. The dross that gives trouble in the castings is formed on the 


surface of the stream of metal in pouring, and the extent of this trouble 


From micro 


examination of 


; 


drossy castings that have been difficult to machine, 
er is convinced that it is generally sand, and not alumina, that dulls 
chining tools. The cause of the inclusion of the sand in the metal, 

is the folding-in of the alumina skin of the alloy when the mold is 
This tough skin or dross picks up some grains of sand from the mold, 


it is mixed with the metal on account of agitation in pouring, it 
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carries the sand grains into the metal with it. When the machini, 
a sand grain, the grain is shattered and a white powder is seen { 
mistaken for alumina. The microscope shows that alumina i; 
bronze are too smali and too intimately mixed with metal to | 
the unaided eye as a separate powder, It is hard to see how the 
much effect in dulling the edge of a tool, but of course the ruinous , 
sand grain on a cutting edge is obvious. 

In the writer’s opinion, the author does not have exactly th, 


ception of the function of an iron content as a_ preventive 


10.5 Per Cent Aluminum-Bronze (1 Per Cent lron) Heat 
Treated. Quenched from 850 degrees Cent. Reheated to 65/ 
degrees Cent. 200x. 


effects of slow cooling, or the so-called ‘‘self-annealing’’ of aluminun 


lron does indeed decrease the grain-size, but has practically no 
the change of beta into the weak and brittle eutectoid. The aut! 


11 illustrates these facts, and does not substantiate the statement t! 


‘‘affords the desired cure’’ for the eutectoid formation. The cur 


effected by decreasing the aluminum content so that there is an unimp 


amount of (beta) present to be changed into eutectoid; then the iron 
may be adjusted to meet the requirements for tensile strength. 
The very fine structures possible of attainment in aluminum | 


around 10 per cent aluminum by double heat treatment are not illust: 


this paper, yet it would seem that they are rather important as b 
sary for the best mechanical properties. The alloy must first b 
so as to give a purely martensitic (beta) structure, with all t! 


nt 
( 
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solution. Then upon cautious reheating, the alpha is formed 
rticles. The accompanying illustration shows such a structure in 


yntaining about 10.5 per cent aluminum, quenched from 850 degrees 
reheated to 650 degrees Cent., magnified 200 diameters, Kven 


structures may be obtained in small castings with a lower reheating 

















rhe elongation curve in Fig. 17 does not seem to be correet, nor to 
roe with the text, which states rightly that there is 90 per cent decrease 
ngation on quenching 10 per cent aluminum bronze in water from 800 


rees Cent. Is there an explanation for the apparent error in Fig. 17? 



















Table IL there is also a figure that does not seem correct. Why 
d there be such a difference in the properties of water-quenched 9.9 
ent aluminum bronze, between sand-cast and chill-cast bars? The value 
per cent for elongation of the latter seems high, and it looks as if this 
men had not been heated enough to dissolve all the primary alpha con 
tuent before quenching. The properties of the quenched sand-cast bar, 
vever, indicate that it had a completely martensitic or beta structure. 
\. B. KinzeLt: Mr, Strauss has mentioned the use of scrap material 
making melts and advises strongly against it. Undoubtedly if we have 
pure materials to start with we are apt to get better properties in the 
sulting product. However, it is quite possible that we would get equivalent 
perties in specific cases when impure material is used as the souree, pro 
ling proper melting and refining methods are used. It is obvious that 
way to study this problem is not by means of individual cases, as these 
evidence both pro and con. The problem should be studied by means 
the theory of probability. If we plot probability curves of the resulting 
perties against initial impurities we get the probability of getting certain 
alities as a funetion of the state of the material which is used. We may 


that with some types of material the use of serap is justified. 







O. W. Etiis: There are one or two points that are of considerable in 
rest to me in view of the fact that for quite a time I have been directing 
attention to nonferrous materials. One in particular is that of the co 
ionts of equivalence of the various elements that are added. I should like 


k the author a question, Is it really possible to accurately determine or 







accurately estimate the coefficients of equivalence by the means that he 
s suggested in the paper? 


\nother point which comes to mind is this, that the coefficients of 









juivalence of various elements may be determined by examination of the 
icture Of various complex alloys in different conditions. Of course, in these 
experiments one always makes the attempt to have a certain definite rate of 
ing, so that one ean state that the coefficients of equivalence refer to 
oys that have cooled at a certain definite rate. If these rates are varied, 
gets quite large variations in the coefficients of equivalence, and this 






| think, is of considerable importance when coefficients of equivalence 
being applied to practice. 
Manganese, one of the clements to which the author has referred, is a 


rt 


particularly interesting addition agent, and I should like to ask the author 








276 TRANSACTIONS OF THE A. 8. 


S, 


Ze 











a question concerning its effect the structure 





upon 


of these 


added in small quantities, 








Insofar bronze is concerned 


of 


munyanese 


is 





(tin-bronze) the coefficient 
manganese is such that one would expect the substituti: 
to result be to the 
to the alloy. That is to say, the proportions of alpha and oj 


stituent in the alloy would be changed so as to give one a large) 

















in what would equivalent additi: 

















of alpha and a reduction in the content of delta. Now, an ine 





content of alpha normally means a reduction in the hardness ot 





one 


Increases 


the 


tin 


content 





in a straight 


bronze, 





























one increas 
ness; if one reduces it, one reduces the hardness. As alread, 
addition of manganese is equivalent to reducing the tin conte 
would expect a reduction in hardness on that account, Actually, | 
first additions of manganese to a tin-bronze result in an apprecial 
in the hardness of the bronze. I am referring now to the Brin 











If one adds 2 per cent manganese to the bronze, however, the hard 





down considerably; 3 per cent gives a still further drop, Thus th: 





























tion of manganese has the effect of increasing hardness, which 
opposite to what one would expect from a knowledge of its 
equivalence, This effect is entirely due to the great refining 
manganese, 

What I should like to know is whether the author has noted 





at, 


refining influence, which appears to apply both in the case of 





the case of tin-bronze and appears also to apply in the case of bra 

















8 of his paper: 

















brass was described as those percentages of copper and zine that 


the proportions of 








au microstructure same 





showing volume 











tuents as were actually present in the alloy being dealt with.’’ 


sia 





really should be 


phase, three-metal 





id 


brass,’’ 


1s 


a two-phase, three-component brass,’ 


not 


se 


ua 


two-component, 


three-metal 


LW 


( 
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case of these aluminum bronzes, 
There is just one little criticism of a statement that the aut! 
which | view from the standpoint of a physical metallurgist. He say 
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thy LW 


‘*The fictitious composition of a two-eomy onent, thr 


th 


by \ 





M. 


KE. WISE: 


ence to ¢ quivalents, 











There is one thing that I would like to point out 


It was partly touched on in reference to the « 





sary for securing uniform conditions for the 
equivalence, To be of real value the coefficients of equivalence m 

at the at really interested 
stance, it is well known that the addition of nickel to a copper-nick 
materially alter the solubility relations so that it is possible to 


the alloy and secure a considerable increase in strength and hardness 


determining 











termined temperatures which we are 









































in the properties of room temperature and visa versa, 
Sam Tour: 








very good paper, 
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It is obvious that where temperatures are variable, we mus! 
that we are computing our equivalents under the conditions t! 
interest to us:—do not compute them for 1000 degrees if you ar 


Mr. Strauss is to be complimented and congratulat: 


It certainly covers aluminum bronzes and is 0! 


coeth 
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DISCUSSION 





ALUMINUM BRONZE 


| have heard, I am sorry that I have not been able to study it out 

ind as L should be able to take up several important points in it. 
‘here is just one thing that bothers me a bit and that is, again, on 
wstion of equivalents. IL gathered from the reading of the paper Mr, 
's statement that manganese acted similar to aluminum on the copper- 
minum binary, but with possibly a little less degree of efficiency. In other 
vords, the equivalance of manganese would be below one, compared to 
minum, and one would expect that adding a little manganese would give 
ch properties as one would gain by adding a little more aluminum, 
in our practice, in making up a considerable tonnage of this alloy, we 
wwe not found this to be the case, and | would like to ask the author just 


in it is possible for his conclusions to fall short in practice, 


Author’s Reply to Discussion 


Such an extended discussion of a paper completed too late to permit 
f preprinting, and especially since it is devoted to a group of nonferrous 

oys, is indeed stimulating. 

“Mr Comstock’s discussion of inclusions of alumina (and sand) deals 
solely with sand castings. Mention has not been made in the paper of the 
nfiuence of the furnace atmosphere; one that is not reducing in character 
ust. of course, be used for production of the best castings since the alumi 
num bronzes, like other high-copper alloys, suffer from absorption of reduc 

vases. But it is necessary as noted in the paper, to distinguish between 
lumina formed in the melting and alloying, and that due to agitation, 
either in the melting chamber or in pouring. The state of subdivision is 
lifferent and whereas the influence of finely divided alumina, which, undoubt 
edly, does not coalesce readily at molten bronze temperatures, may not be 
mportant in mechanical tests of castings, it may be of serious moment in 
transverse tests of forgings; its influence on cutting tools is no doubt in 
ippreciable. The massive alumina due to agitation may gather hard mineral 
particles in refractory molds, but this explanation does not account for a skin 
on ingots made in uneoated metal molds, that rapidly dulls the edges of 
cutting tools, regardless of their heat treatment and composition, although 
the metal immediately below this scabby surface cuts freely, without exces 
sive tool wear. 

With regard to ‘‘self-annealing’’ of alpha—beta binary alloys, the in 
fluence of iron upon grain size (aluminum percentage constant) is clearly 
shown by Figs. 9 and 10 and Figs. 11A and 11C. It is stated that in slow 
cooling of the binary alloy the ‘‘individual particles’’ of the two phases 
n the eutectoid ‘‘ become quite coarse;’’ surely Figs. 11B and 11D illustrate 
the refinement due to the iron. Mr. Comstock should have quoted the entire 
statement: ‘‘Tron in amounts over 3 per cent with adjustment of the alumi- 

im content to meet the required mechanical properties, affords the desired 
ure’? Tron added to an alpha—beta alloy of given aluminum content does 
lecrease grain size and restrain the formation of coarse eutectoid and there- 
fore overcomes ‘‘self-annealing;’’ it results in better elastic strength and 
luetility in heavy cast masses in spite of increased hardness. Lron added 
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as a substitute for part of 


with 
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another 


aluminum 


to secure equal ten 


greater ductility is other 








matter ; elements hav 
fluences; this procedure usually results in lower elastic strengt) 
The heat of 10 per aluminum 
Mr. Comstock is rather widely practiced. heat 
mentioned but photomicrographs were not in 
should be noted that, although the alpha is very finely divided 


treatment 





cent bronze 





Casting 





by ‘This treatment 








for forged metal 





























size is large (part of only four grains in Mr, Comstock’s phot 
this is of fiequent occurence and under these conditions how «) 
resistance to impact may occur; this is a fruitful direction for 





The curves of Fig. 17 shows the changes in properties (iner 
crease) due to quenching, expressed as the actual number of units 
ese units being those used in expressing the results of the te: 
tl nits being tl used i ing tl It f tl 


In the text, references are made to percentage change, computed o1 














of the values before treatment. 








The data of Table LI is that of Carpenter and Edwards. 
ular figure referred to by Mr. Comstock is, no doubt, the result 
experimental procedure but that the 
complete; attention should have been called to this irregular result 
Dr. Kinzel’s suggested application of probability 
obtained the of 


sound from one viewpoint. But the average manufacturer must face py 








was quoted in order series 
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from use raw materials of varying compositi 














aluminum 





bronze, might prove disastrous. Where metallurgical cont: 


adequate cautions of this sort need not be considered, but there 














ul 














plants not so equipped and to them the safer procedure is a necessit 
The author has not had occasion to note the influence of small an 
of manganese upon either tin bronze or aluminum bronze but Prot 








explanation of its effects upon the former alloy may cover only part 
mechanism of the change in 
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in 
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properties. Chanye grain size, W 





duced, is no doubt a factor. 








their rate of change with increase in manganese, may be quite different 
increase in the hardness of the alpha phase due to the presence of 
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With 


influence. 


lower manganese the 
The amount of tin in the bronze experimented upon may) 


of importance since a small change in the amcunt of eutectoid in 


percentages former may exert a predomi 




















cent tin alloy would be proportionately much greater than an equa! 





in a 12 per cent tin alloy. 








Prof. Ellis’ terminology is, of course, correct. In regard to 
ment as well as that of Mr. Wise on the subject of the coefficients o 


alence, it is well known that the degree to which 
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1 phase stable 
elevated temperature is retained at room temperature or is transformed 
other phases, is a function of the rate of cooling. 











Hence in the use o! 
equivalents, deductions must be based upon observations made wv! 
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tion costs and a supply of such unsuitable scrap as could not yield satis! 


tory product, in a plant not manufacturing a continuous large tonnay 


But two other effects are being observed 
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atoms in the lattice and the decrease in the quantity of the delta pha 
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THE CONSTITUTION OF STEEL AND CAST IRON 
PART X 













By F. T. Sisco 


Abstract 


[he present installment, the tenth of the series, dis 
cusses the effect of the four common elements, silicon, 
sulphur, phosphorus and manganese on the tron-carbon 
alloys containing 2.00 per cent or more carbon—( The 
cast irons). Each element is discussed under two heads ; 
first, the amount of the element in cast iron and how the 
percentage is controlled; and second, the effect of the 
clement on the constitutional changes, microstructure 
and properties. 










\ previous installments our discussion of the iron-carbon alloys 







containing between 1.70 and 5.00 per cent carbon has consid 
ered this series to be alloys of the pure metal iron and the element 
arbon. We have viewed from a theoretical standpoint the con- 






stitutional changes in this series as they occur in these pure alloys. 







'he iron-earbon, or steel and east iron alloys as they are produced 
n our steel plants, blast furnaces and foundries are rarely pure; 
they contain in addition to carbon, appreciable and sometimes large 





amounts of silicon, sulphur, phosphorus and manganese. In addi- 








tion to these four common elements which are always present, we 
occasionally encounter copper and arsenic, and frequently we meet 
with steels and east irons that contain various alloying metals: 
nickel, chromium, vanadium, titanium and others. 







The effect of silicon, sulphur, phosphorus and manganese on 
the constitutional changes and structure of the steel series has al- 
ready been considered®®. In the present chapter we will take up 










See TRANSACTIONS, Vol, XI, January, 1927, p. 115 





lhe author, Fr. T, Siseo, is Chief of the Metallurgical Laboratories, Air 
rps, War Department, Wright Field, Dayton, Ohio, 
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the effect of these four elements on the alloys containin: 
1.70 and 5.00 per cent carbon (the cast irons). 

The behavior and effect of these elements in east iro) 
naturally discussed under three heads: (a) how much of th 
is present in the iron and how this percentage is contro! 
the effect of the element on the constitutional changes in 
when cooled from a high temperature, including its effect oy + 
condition of the carbon; and (ec) the effect of the element oy 
structure and properties of the alloy. 

The elements copper and arsenic are comparatively rar 
cast iron. The use of alloys such as nickel, chromium, vanadiuy 
and others while increasing each year, is by no means common 
yet. Hence we will confine our discussion to the four co) 
elements which occur in various percentages in all cast iron 
silicon, sulphur, phosphorus and manganese. 


Tue AMOUNT OF SILICON IN Cast IRON AND THE ConrrRo: 
THIS KLEMENT 





In commercial cast iron the silicon varies from approxima 


) 


0.50 per cent to 3.25 per cent®®. In pig iron to be used in the has 










open-hearth process the silicon content should be below 1.00 
cent For the acid open-hearth and acid Bessemer process 
silicon may range from 1.00 per cent to as much as 3.00 per cent 
Foundry irons are ordinarily graded according to silicon content 
grade No. 1 contains 3.00 per cent, the percentage then decreases 





until in the case of grade No. 4 the iron contains only 1.50 per cent 

The silicon in the iron is the result of the reduction of tl 
silica (SiO.,) in the ore by coke, in the blast furnace. The redu 
ing reaction is 


SiO, + 2C — Si + 2C0 














or according to some 







SiO, + 2C + Fe — FeSi + 2C0 





and proceeds rapidly only above a certain critical temperature anc 
when the slag is not too strongly basic. 
Lron ore contains between 5 and 30 per cent earthy matter, or 


gangue as it is called. A large percentage of this gangue 1s soll 








“Irons containing higher percentages are usually classed as ferrosilicon. 
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silica, There is also silica in the ash of the coke and in the 
ne which, together with the ore, make up the blast furnace 
irden. In smelting the ore in the blast furnace most of the silica 
s tluxed by the calcium oxide in the limestone and foes into the 
ag. A variable small amount is reduced by the above reaction 
nd goes into the iron. As the reducing reaction depends upon the 
emperature in the furnace and the chemical composition of the 
av, it follows that the furnace operator is able to control, to a 
rtain degree at least, the amount of silicon reduced from its oxide. 
In commercial practice an iron containing a relatively high 
ercentage of silicon is produced when: 
|) The furnace temperature is high and the slag is normal 
) 


nd when (2) the furnace femperature is normal and the slag is 


leficient in bases (ealeium oxide): and an iron containing 


‘ 


elatively small percentage of silicon is produced when: (1) the 


furnace temperature is normal and the slag is very basic; and when 


lor the control of the sulphur content. 


) 


the furnace temperature is cold and the slag is normal. 
We will see in a few moments that these operative conditions 
' the control of silicon are complicated further by those necessary 


It should be understood that 


the four variables entering into the control of the silicon are not 





who (} 


] 


ird and fast rules; they are only generalizations that hold approx 
mately. In practice it is necessary to take other factors such as 


ag viscosity and the like into account as well. 


THe Errecr or Siuicon on THE CONSTITUTIONAL, CHANGES. 
STRUCTURE AND PROPERTIES OF Cast [Ron 


In cast iron, as in steel, the silicon present combines with some 


I! the iron to form iron silicide, FeSi, which dissolves in the rest ot 
Ce Iron, 


| 


At atmospheric temperature the iron silicide IS in solia 
ution in the ferrite. As is characteristic with constituents in 
lid solution, silicon in cast iron cannot be detected by the micro- 
although Sauveur mentions that ferrite containing silicon 
n solution etches more slowly than pure ferrite. 

In a previous chapter we saw that the eutectic in the pure iron 
‘arbon alloys is 4.30 per cent carbon. According to Sauveur®? 
ites the work of Wiist and Peterson, each 1.00 per cent silicon 


owers the carbon percentage of the eutectic by 0.30 per cent. For 


llography and Heat Treatment of Iron and Steel, 1926, p. 874, 
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example, in a 2.50 per cent silicon cast iron the eutectic 
4.59 per cent carbon instead of the 4.30 per cent. 

The effect of silicon on the percentage of carbon in the 
alloy is shown graphically in Fig. 61, from Sauveur. The line Ap 
divides the cast iron series into hypo- and hypereutecti: 
according to the percentages of carbon and silicon. For examp), 
a cast iron containing 4.00 per cent carbon and 0.50 per cent 


Hy per eutectic 






PER CENT CARBON 


1 2 
PER CENT SILICON 




















Fig. 61—Effect of Silicon on the Per 
centage of Carbon in Eutectic Cast Iron 
(Sauveur. ) 





is hypoeutectic, point N, Fig. 61. On the other hand, if tl 
iron contains 4.00 per cent carbon and 2.00 per cent silicon 
hypereutectic, point M, Fig. 61. 

Silicon is active in promoting the formations of graphite. |! 
other conditions are constant a cast iron containing a relativel: 
high percentage of silicon will contain most of its earbon in 
form of graphite. Rapid cooling opposes this tendency of silico: 















to promote graphite formation and causes the graphitization that 
does take place to result in particles of smaller size. As silicor 
reduces the carbon percentage, in the eutectic and as it is active 1! 
promoting graphite formation, it follows that this element will ha 

a great effect on the properties and structure of cast irons. 

It has already been noted that the properties of cast iron (i 
pend upon the composition of the matrix and the size and distribu 
tion of the graphite particles. In the last installment we discusse 
this, and saw that theoretically, a cast iron of maximum strengt! 
would have a matrix corresponding closely to the eutectoid, or about 
0.80 per cent combined carbon, and would have the graphit 
particles as small and as uniformly distributed as possible. 

Silicon and rate of cooling are the important factors in 
ducing a cast iron of superior properties. With 2.00 to 3.00 per 
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silicon the eutectie ratio is reduced to about 3.50 per cent 


eli 
arbon. As most commercial cast irons contain about this per- 


ventage of earbon, it follows that when 2.00 to 2.50 per cent silicon 
s present the iron will consist wholly of eutectic and will solidify 
ot a constant temperature. It is known that the graphite particles 
are smaller when solidification is more rapid as is the case when it 
jceurs at a eonstant temperature. A relatively high silicon per- 
eentage and fairly fast cooling will result in a cast iron having a 
natrix containing between 0.60 and 0.80 per cent combined carbor: 
and containing the graphite in small and well distributed particles. 

ios. 62 to 67 show the structure of a cast iron of excellent 
properties. These specimens were taken from a piston ring for a 
Liberty aireraft engine. The iron had the following composition : 


Per Cent 


ee ide oc avVeusGosvhisdatsee Seae 
SE Se ee ee 
a tcc diccetbecssesesaeve Ge 
ES 6 6 6 Walk bs.0 Sv bad a o 484068 00 OK One, 
ers es Tee eee eC eT ere ee 
PR i ces tase es bes UP btepederaness OER 
ie go on n'a'd s vedo cpeynnseteese | 


In the case of this particular iron, the composition is ap 
proximately that of the eutectic, due to the high silicon content. 
The method of casting piston rings is such that aided by the high 
silicon the combined carbon is desirably high and the graphite will 
be distributed in small particles, as is shown in Figs. 62 and 63. 
In Fig. 62 the graphite flakes are so small that they can scarcely be 
seen at a magnification of 100 diameters. The appearance of the 
individual flakes is shown in Fig. 63. Figs. 64, 65 and 66 show this 
specimen after etching. It will be noted that a magnification of 
1000 diameters is necessary to resolve the laminated structure of the 
pearlite matrix (Fig. 66). 


‘THE AMOUNT OF SULPHUR IN Cast IRON AND THE CONTROL 
OF THIS ELEMENT 


As sulphur is an undesirable impurity in cast iron as well as in 
‘teel, the percentage of this element is always kept as low as is 
possible in commercial practice. In first class irons for steel mak- 
ing, the sulphur content is nearly always maintained at 0.050 per 
ent or below; foundry irons poured into commercial castings may 
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PHOTOMICROGRAPHS OF CAST IRON 


Fig. 62—Cast Tron Piston Ring Uneteched, Showing Distribution of 
Flakes x Fig. 65—-Cast Iron Piston Ring Unetched, Same as Fig 
Magnification 500 x. Fig. 64—Cast Iron Piston Ring. Etched Deeply 
Nitric Acid. Granular Pearlite (Dark) and Phosphorus Eutectic (Light) 100 
Cast Iron Piston Ring Etched Deeply with Alcoholic Nitric Acid. Same as Fig 
Magnification 1000 x. 
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n up to 0.100 per cent, but usually are below 0.100 per cent. 

Of the raw materials making up the blast furnace burden, only 

‘he coke contains sulphur, very generally the iron ore and lme- 
sone are free from all but traces of this element. 

Like silicon, sulphur may be partially controlled by the blast 

furnace operator, At a high temperature and in the presence 0! 


carbon, sulphur and caleium oxide react according to the reaction. 


CaO + FeS + C — Cad 4 C }- fe 


The calcium sulphide formed is soluble in a basic, fluid slag 
Consequently, if temperature and slag conditions are correct, a large 
proportion of the sulphur will pass into the slag and remain there. 

Under normal operating conditions the iron will have a low 
sulphur content (0.050 per cent or below) when: (1) the furnace 
temperature is very high and slag is normal; and when (2) the 
furnace temperature is normal and the slag is very basic; and the 
‘ron will have a high sulphur content (0.060 per cent or above) 
when: (1) the furnace temperature is normal and the slag deficient 
‘1 bases; and when (2) the furnace temperature is cold and the 
slag normal. As in the case of silicon, these requirements for the 
control of sulphur are at best only veneralizations and not rigid 
rules. 

If we glance back over furnace conditions necessary for the 
control of silicon, we see that by the proper furnace operation we 
ean control both silicon and sulphur, This has been discussed in 
detail in a former series of articles’®. 

In normal blast furnace practice it is possible to produce an 
iron having a low silicon and low sulphur content, or a high silicon 
and high sulphur content; but in gene ‘al, a high silicon content 
is accompanied by a relatively low sulphur content, and a low silicon 
by a relatively high sulphur content. 


Ture Errecr or SULPHUR ON THE CONSTITUTIONAL CHANGES, 
SpRUCTURE AND PROPERTIES OF CAST LRON 


Sulphur as an impurity in steel has been discussed in a previous 
‘nstallment. Most of the things said in regard to sulphur in steel, 


also hold true for this element in the cast iron series. These might 


“See “On the Metallurgy of Iron and Steel”, A. S. 8. T., Preprint No 
rRaNsaoTions, Vol. 7, March, 1925, p. 370 
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be repeated briefly. When no manganese is present sulp 
bines with the iron to form iron sulphide. This constituent 

a temperature much below the melting point of the iron, heno, 
the solidification of the iron it tends to collect at the grain }) 
destroying the cohesion of the grains and making the materia] | 
tle. At high temperatures iron containing iron sulphide ij! 


brittle or ‘‘red-short’’. Red-shortness is not so dangerous in 


us in steel because ordinarily cast iron cannot be hot worked 


When manganese is present as is the case in practical) 
commercial cast irons, the sulphur combines with the manganese ; 
form manganese sulphide. Manganese sulphide occurs in cast jro: 
as rounded grayish areas readily visible under the microscope. ‘t| 
appearance of manganese sulphide in cast iron is so similar to this 
constituent in a cast steel specimen that no further deseription 
necessary. 

Sulphur is commonly spoken of as a hardening element i) 
iron. There is no doubt but that it opposes the formation 
graphite. Some investigators suggest that some iron sulphid 
probably present and that this constituent is soluble in the ceme 
tite increasing its stability. 


Tue AMOUNT OF PHOSPHORUS IN Cast [RON AND THE ConrRo 
OF THIS ELEMENT 






The amount of phosphorus in commercial cast irons varies 
widely. All of the phosphorus in the iron ore, coke and limesto 















is reduced by carbon in the blast furnace according to the reactio 





P,O, + 5C + 6Fe — 2Fe,P + 5CO 











and goes directly into the iron. The furnaceman has no contro 
over the above reducing reaction, hence in order to control the pe 
centage of phosphorus in the iron it is necessary to, control the ra\ 
materials making up the furnace burden. There is little, if an) 
phosphorus in the coke and limestone, consequently phosphorus 
control depends upon the choice of iron ores. 

It takes approximately two tons of iron ore to produce one (0! 
of pig iron, hence in round numbers the iron will contain tw! 
as much phosphorus as the ore. Iron ores in the United States co 


tain from a trace to 0.500 per cent phosphorus, In general tli 
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hich contain less than 0.040 per cent phosphorus command a 
oremium in price over the higher phosphorus ore. 

~ Tron is often graded according to phosphorus content; those 
special irons used for recarburizing in electric steel manufacture 
contain less than 0.040 per cent phosphorus; pig iron to be con 
verted into acid Bessemer steel or acid open-hearth contains less 
than 0.080 per cent. For the basic open-hearth process where 
nost of the phosphorus is removed in refining the iron normally 
ontains 0.150 to 0.400 per cent of the element, although in some 
octions of the eountry—the Birmingham district especially—basic 
‘ron contains up to 0.800 per cent phosphorus, Foundry irons vary 
widely in phosphorus content ; usually ranging from 0.100 to 0.800 


ner cent, sometimes more. 


Tus Errect oF PHOSPHORUS ON THE CONSTITUTIONAL CHANGES, 
STRUCTURE AND PROPERTIES OF Cast IRON 





When we discussed the occurrence and effect of the various im- 
purities in steel, we saw that phosphorus, in the small amounts 
normally present in steel, combines with some of the iron to form 
ron phosphide which goes into solid solution in the ferrite. This 
is the ease when the phosphorus is 0.200 per cent or below and the 
carbon is below 1.50 per cent as is the case in commercial steels 
in east iron where we often have more than 0.200 per cent phos- 
phorus and nearly always more than 1.50 per cent carbon the phos- 
phorus exists in another form. 

In the presence of considerable carbon the phosphorus is 
thrown out of solution and, according to Stead, forms a ternary 
eutectic of 91.2 per cent iron, 6.9 per cent phosphorus and 1.9 per 
vent carbon. Stead has investigated this eutectic and has been able to 
identify it metallographically by heat tinting. Stead’s work shows 
that this ternary eutectic is formed only in white and mottled cast 
iron; in gray iron and in the presence of considerable carbon a 
binary eutectic of iron phosphide and iron forms. This investigator 
‘laims that the formation of the binary eutectic of Fe,P and iron is 









due to the diffusion of carbon out of the ternary eutectic of Fe,P, 
iron, and earbon. The binary eutectic contains approximately 10 
per cent phosphorus and 90 per cent iron and in honor of its dis- 
coverer is called ‘‘steadite’’. 
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PHOTOMICROGRAPHS OF CAST IRON 
Fig. 66-——Cast Iron Piston Ring. Etched Lightly with Alcoholic Nitric Acid 

Pearlite, Granular Pearlite (Dark), Graphite (Black), and Phosphorus Eutecti: 
1000 x. Fig. 67—-Cast Iron Piston Ring Etched Lightly with Alcoholic Nit 
Showing Appearance of Phosphorus Eutectic (Mottled). 1000 x. Fig. 68—Cast 
Graphitic Carbon 3.06 Per Cent, Combined Carbon 0.08 Per Cent, Phosphorus 1.36 
Magnification 100 x. Phosphorus Eutectic (Mottled) Graphite Flakes (Black), 
Ferrite (Light). (Sauveur.) Fig. 69—Cast Jron. Same as Fig. 68 But Mag 
Diameters, Showing Detail of Phosphorus Eutectic. 
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‘he appearance of the binary eutectic of iron phosphide is 
shown in Figs. 67, 68 and 69. Fig. 67 shows the slightly mottled 
appearance of the eutectic. After continued etching it has a pitted 
appearance similar to that shown in Fig. 65. The phosphorus in 
‘he east iron piston ring shown in Figs. 65 and 67 is 0.461 per cent. 
ies, 68 and 69 from Sauveur®® show the structure of a gray iron 
~ontaining 1.36 per cent phosphorus. Fig. 69 shows the distinctly 
mottled appearance of the eutectic. 

Stead has found in his researches that the tendency of earbon 
to expel the iron phosphide from solid solution is so great in the 
ease of cast irons, that all of the phosphorus is expelled. The result 
‘s that the binary eutectic can usually be identified with the micro 
scope even though there is less than 0.100 per cent present. 

Phosphorus is commonly supposed to be responsible for brittle 
ness, This is not wholly true unless the phosphorus is above 1.7 
per cent, which is rare in commercial cast irons. In examining 
mierosections it will be noted that in general the eutectic occurs 
‘1 more or less isolated areas (See Figs. 68 and 69) ; in no ease 
does it seem to form a network around the grains, a faetor con 
ducive to brittleness. 

Phosphorus has no effect on the condition of the carbon. It 
does, however, make cast iron more fluid. This increased fluidity 
is probably due to the low melting point of the eutectic. Ad- 
vantage is taken of the increased fluidity of phosphoretie iron in 
the pouring of ornamental iron eastings of thin section. The 
ornamental east iron fences and gates common a decade or so ago 
were poured from a high phosphorus iron. 


Tue AMOUNT OF MANGANESE IN Cast IRON AND THE CONTROL 
OF THIS ELEMENT 


Manganese as manganese oxide is found in most iron ores. 


Unless present in large amounts, all of this constituent is reduced 
by carbon in the blast furnace according to the reaction 


MnO, + C — Mn 4+ CO, 
MnO, + 2C — Mn + 2CO 


and goes into the iron. As in steel the manganese combines with 
the sulphur to form manganese sulphide, MnS. When more man. 


“Metallography and Heat Treatment of Iron and Steel, 1926, p, 386 
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ganese is present than is necessary to combine with thi 
as is always the case in commercial irons, the rest combines 
the carbon to form manganese carbide Mn,C. The mangane, 
earbide together with iron carbide forms cementite. 

The percentage of manganese in commercial cast irons ranor 
from about 0.25 per cent to 2.00 per cent or more. Iron-mangane. 
alloys containing 10 to 20 per cent manganese are known as spieg 
eisen and the alloys containing 60 to 85 per cent manganese ag fe) 
romanganese. The spiegeleisen and ferro-alloys are used to intr 
duce manganese into the molten bath in the various steel maki 
proeesses. 

Like phosphorus, manganese is not under the contro! 
furnace operator. In order to control the amount of manganes 
in the iron he must choose ores containing the right proportions 
this element. 


Tue Errect oF MANGANESE ON THE CONSTITUTIONAL CHANGES, 
STRUCTURE AND PROPERTIES OF Cast IRON 


The greatest effect of manganese on cast iron is that it combines 
with the sulphur to form the relatively harmless impurity ma 
ganese sulphide, instead of the extremely fusible and harmful iro 
sulphide. This has been discussed in a previous installment on t! 
effect of impurities in steel. 

Manganese is generally supposed to oppose the formation 
graphite. Like sulphur it acts as a hardener to iron, in larg 
amounts it makes castings difficult to machine. Manganese carbid 
is thought to be more stable than iron carbide and is supposed | 
increase the stability of the cementite, thus opposing the formatio! 
of graphite. 
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MODERN FURNACES AND HEAT TREATING METHODS 





By E. F. Davis 


Abstract 





The author of this paper has described and dis 
issed in a practical way the various methods which are 
in use in many manufactories in the heating of steel 
parts for forging, hardening and tempering. He makes 
a plea for a@ more thorough study of the problems of 
the average heat treatment departments whereby these 
departments may be provided with more efficient heat- 
ing equipment. A comparison is made of the type of 
high production machining equipment which 1s provided 
for most machine shops in contrast to the antiquated 
inefficient heating equipment found in many of the so- 
called modern plants. 
A discussion of the merits of the different methods 
and types of furnaces used in heating metal parts is 
dealt with at length. 



















\ the development of quality parts in production quantities, 
we have gone about it in much the same fashion of the small 
boy who, about to make a drawing of a house, started with the 
most obvious thing to him—the smoke coming out of the chimney. 
The maintaining of close-size uniformity has been the most ob- 
vious thing in production duplication and most of the attention 
has been concentrated toward producing pieces in quantities at 















low cost, and at the same time, holding sizes in close accuracy. 
The micrometer, Johansson gages, and other precision tools were 
in common use when heat treating was practiced in much the 
same way as in the days of Tubal Cain. In other words, much 
progress has been made in machining operations and accuracy 
of size so that the part will fit as a member in an assembled unit 
and will funetion mechanically, but not enough has been done 
toward improving the inherent qualities of the metal. Formerly 
this may not have been necessary because the parts were designed 
with high factors of safety and metal mass compensated for the 
A paper presented at the second annual conference on industrial electric 
eating held at Purdue University under the direction of the School of Elec- 
| Engineering and the Engineering Extension Department on March 23- 


, 1927. The author, E. F. Davis, is metallurgist for the Warner Gear Com- 
ny, Muneie, Indiana, 
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defects of inferior heat treating practice. But now with 
mand for lighter sections and correspondingly lower fa 
safety the need for better heat treating methods becomes 


Many Hear TREATING PLANTS INADEQUATE 


Today, many heat treating departments in otherwise mod 
equipped organizations, are shamefully neglected units. | 
many plants and after marveling at the phases of fabricat 
efficiency, visit the heat treating department. <A place of smo! 
and grime, dirt floors, men operating inefficiently and laborious \ 










ry 


badly constructed furnaces, fuel wastage, poor pyrometric 
ment. Why does such a condition exist? Why will a manag 
ment balk at paying $5000 for a modern furnace, but will spend 
it readily for a machine which will increase production 

per cent on one part. Is not a dollar saved in the heat treating 
department as good as a dollar saved in the machine lines? Som 
times I believe it is because the heat treating department lacks 
champions. Many factory executives have risen to positions 

responsibility from the shop, and with their thought and energ 
always concentrated upon the mechanical problems of productio 
they have failed to fully realize the possibilities which lie dormant 
in improving heat treating operations. Why does it cost 9 to 12 
cents per pound to carburize? It can be done for 6 cents 

pound. The installation of a modern annealing furnace in on 
plant eliminated the labor of nine men, saved $500 a month o1 
the gas consumption, and reduced furnace repairs $2400 per y 

Not only will efficient heat treating equipment return dollars ‘ 
the coffers, but it also has indirect benefits affecting the machiner) 
departments. For example, let us consider the steel used in pr 
ducing a given piece of equipment. 























THE INHERENT PROPERTIES OF STEEL 





Within this steel is a microscopic constituent known as peat! 
ite, consisting of about 87 per cent pure iron and 13 per cent 
of an iron-carbon compound known as cementite. This constitu 
ent occurs in many shapes and modifications, nine of which ar 
recognized by metallurgists. These variant forms of pearlite ha\ 
a tremendous effect upon profits. That torn hole which caused 
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e piece to be scrapped. The parts which jammed on the broach 
nd broke a $50 tool. That lot of steel which drilled so roughly. 
rhose forgings Which broke so many taps. The trouble the oper- 


‘or had in holding his sizes when turning that shafting. These 


‘oubles were all caused by improper pearlitic structure which is 
aasily within our control by proper heat treatment. In some steels 
the pearlite must be globular or spheroidized for the best cutting 


nditions. In others, it must be striated or lamellar for maxi- 
m machinability. Yet either form ean be produced at will 
by proper heat treating practice. The scleroscope and Brinell 


costs will reveal the presence or absence of another modification 


Jled sorbitie pearlite. This may be distinguished from normal 
nearlite by being of greater density and hardness and therefore 
‘fering greater resistance to tooling operations. But the other 
seven modifications are not distinguished by hardness testing. 
This is the reason that two pieces of steel of the same Brinell 
reading often show wide differences in machining qualities. 

To produce steel having the desired form of pearlite and 
luplicate it day after day just like production parts are dupli- 
ated in dimensional sizes, certain unvarying cycles of heating 
ind cooling are essential... Intelligently designed equipment must 
be used. Continuous furnaces for annealing are always advis- 

le if the production warrants such an installation, because these 
re capable of maintaining a fixed cycle and with automatic con- 
‘rol these furnaces can be operated with mechanical precision. 


BatcuH ANNEALING 


By batch annealing in stationary furnaces, uniformity is im- 
possible. Forgings in the center of the pile will heat more slowly 
ind cool slower than those on the outside. Since pearlite spher- 
oidizes by slow eooling, and remains lamellar or sorbitic when 
cooled with fair rapidity, it can readily be seen, that all kinds of 
steel structures will follow. It is possible, however, to obtain 
air results even with stationary furnaces if the forgings are not 
piled. But this, of course, reduces the quantity per heat. 

Underfired furnaces should always be used for annealing 
illoy and high earbon steels. Overfired furnaces will not produce 
iniform temperatures in the furnace due to the very principle 
' overfiring. The writer realizes that in making this statement 
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that many overfired furnace installations may be foun 
ferent plants, but makes the statement because of all t! 
naces that he has examined have the same common defects: amo), 
cold floors, flame impinging on the work, hot and cold areas a, 
a general lack of uniformity. Underfired furnaces provide 
hot hearth, hot side walls and hot arch and uniform rac 
Most annealing furnaces are gas or oil-fired but many of the , 
installations are using the electric elements. Electric heat 
for nearly all annealing operations. The chief objection 
high initial cost of these installations. 


LaAn¢ 

ieWeyr 
} 

S 1de@a 


IS The 


HEATING STEEL FOR HARDENING 


In heating steel for hardening or tempering, four methods 
are in common practice, namely, heating by immersion in a liquid 
or molten medium; by direct radiation of the heat to the work 
by conveying the heat directly to the work by flame or combustio 
blast; and by transferring the heat by an air blast previousl 
heated. 





Immersion Method of Heating 


Immersion heating.would include such mediums as oil, lead 
molten salts, such as saltpetre, cyanide, soda ash, barium chlorid 
etc.; radiant heating by the various types of electric furnaces no' 
in common use; heating with flame or combustion products, forg 
and billet furnaces, and the many varieties of oil and gas furnaces 
employed in hardening. 

Immersion heating has the advantage that no section of tli 
work being treated can become hotter than the medium in whic! 
is immersed. All liquids increase in mobility when heat is ap 
plied. The hotter portion ascends due to lighter gravity, and 
reaching the top loses a certain amount of its heat by radiation. 
This constant boiling action serves to keep the liquid surprising]; 
uniform in temperature throughout its mass, and temperatur 
variations are negligible. For this reason immersion heating pos 
sesses many advantages when close temperatures are pre-requisit 

Immersion heat treating can be used for all ranges of ten 
peratures from 250 to 2200 degrees Fahr. The temperatures 
from, 250 to 1250 degrees Fahr. may be regarded as the annealing 
or tempering ranges. Oil or nitrites are suitable up to 600 degr 
Fahr.; saltpetre from 600 to 1000 degrees Fahr.; and lead abov 










m radians Q 


ft the newer 


heat iS idea 


ection is the 


ur methods 
1 In a liquid 
oO the work 
- combustion 


previously 


as oil. lead 
am chloride 
urmmaces now 
ducts, forg 


ras furnaces 


etion of th 
in which it 
heat is ap 
ravity, and 
y radiation. 
surprising|) 
temperature 
heating pos 
re-requisite 
ges of tem 


emperatures 


e annealing 
600 degre Ss 
lead abov 














HEAT TREATING STEEL 


295 





1))) degrees Fahr. For tempering, oil or nitrites are the best 
mediums and should be employed in preference to air tempering 
armaces. Radiation air tempering furnaces are not suitable for 
temperature ranges below 900 degrees Fahr. if exact temperatures 
are required. This is due to the sluggish heat exchange and the 
impossibility of obtaining uniformity in a furnace of the size 
necessary for production quantities and economical operation. For 
economy, Oil, as an immersion medium, is preferable to nitrites 
or tempering salts. A good tempering oil can be purchased for 
around 30 cents per gallon. <A price of 12 to 14 cents for tem- 
pering salts does not seem to be excessive until one considers that 
the salt is used in the molten state and that a gallon of molten 
nitrite salt costs from $1.50 to $2.50. Electric heating of oil tem- 
pering furnaces is preferable to gas or oil for it reduces the fire 
hazard and practically eliminates it if the electric units pre 
sheathed and the units never exposed to oil vapors. With addi- 
tional electrical control, temperatures can be held within a limit 
f 10 degrees and such furnaces can be placed in progressive 
production lines. 

The writer designed and had constructed a continuous fur- 
nace of this type which is used in daily operation in his plant. 
This particular furnace eliminated one man, took the human ele- 
ment and consequental variables out of the operation and the 
furnace has never given a moment’s trouble since its installation 
a year ago. A small fust of lead alloy is immersed in the oil. 
lf for some reason the control would fail to function and the oil 
reach a temperature near its flash point, the fust would melt and 
break the current. 


Immersion Heating for Hardening 


Kor hardening, by immersion, lead and cyanide mixtures 
ire the most common mediums in use. Lead is not suitable for 
temperatures above 1600 degrees Fahr. due to the rapid oxidation 
of the lead, causing deterioration in the quality of the metal and 
veloping considerable vapor pressure of these exceedingly poison- 
us fumes. Cyanides decompose rapidly above 1600 degrees Fahr,. 
and at 1800 degrees Fahr., barium chloride should be used if 
‘light decarburization of the surface is not detrimental. So far, 
immersion methods above 1800 degrees Fahr. have not met with 
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a great degree of success due to the inability to pr 
which will give satisfactory long life, and the difficul 
signing furnaces with ample heat capacity. These 
caused further troubles where only 500-B. t. u. gas is 

It will be remembered that immersion heating is done ' 
and that the salt is kept molten entirely by the heat radia 
through the pot walls. To maintain a temperature o 







1800 degrees Fahr. in the immersion salt means that con 
higher temperatures must be maintained in the combustio. 
ber. If considerable production is expected, it means that 
perature of nearly 2800 degrees Fahr. must be held in 

bustion chamber. At this heat, firebrick softens and the | 
pots will deteriorate very rapidly. Pressed steel and cast 


as ‘ 
















pots are the most economical for molten salts. Alloy 
superior for molten lead. 


bay 
PYLS 


Cyanides produce the cleanest work of any of the molten | 
diums. They are solvents for oxides and except for a gray 
anide stain, work comes out of cyanide as clean as it enters. \\ 
eyanides are employed a 40 per cent mixture of cyanide with | 
per cent soda ash is satisfactory. This mixture costs about 
cents per pound. It melts around 1250 degrees Fahr. and 
available for heat treating operations at 1350 degrees Kahr 
higher. This should contain at all times between 25 and 30 per 
cent sodium cyanide. When it falls below 20 per cent a slight 
decarburizing effect occurs on the work being hardened.  \V! 
the cyanide content is below 25 per cent a slight pinkish ting 
is evident in the solidified salt. Common salt is sometimes used 
in eyanide mixtures for hardening but the salt fumes cause e) 
cessive rusting of the steel girders and everything else of 
and steel in the heat treating department. 

The author does not recommend electric heating for cyanide 
immersion hardening, for several reasons. First, the operating 
costs are excessive; second, the installation costs are too high co 
pared with gas and oil furnaces and last, there is always dange! 
of burning out the unit by accidental spillage of cyanide. Thies 
molten salts are electrical conductors and will produce a shor 
circuit in the elements. It is true that some successfully ope! 
ating furnaces are in use today but nevertheless this danger 's 
always present unless the design is such that no cyanide can po 
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Mor heat treating operations between 1400 and 1600 degrees 


hy. the electric furnace comes within its widest field of useful- 
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A thermal efficiency of 


D0 to 75 per cent is possible 
Temperatures between 1400 and 1600 
legrees Kahr. are not severe on electric units and many types of 


eating elements will give a life of 3 to 4 years, and some even 
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as economical as the gas or 


oil-fired 


oxidizing blasts reduces sealing to a minimum. 


CARBURIZING 


lor carburizing, the present designs of electric furnace are 


The neutral atmosphere of these furnaces and absence 


furnace although some 


very successful installations are being used of the horizontal ro- 


ary hearth-type, and even of the stationary type. 


But 


the ear- 


irizing operation is a fuel waster because the majority of the 


Wallable 


6. t. us are consumed in penetrating the heavy walls of 
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the boxes and heating through the slow conducting ca: 
material which is most resistant below the temperatures 
it imparts any carburizing action to the steel. Furthe: 
carburizing material makes up three times the volum 
steel to be carburized. The carburizing of steel to a 
0.035 inch requires about 2 hours, but 4 to 10 hours are 
sumed in addition in heating the boxes and carburizing matey 
to the active carburizing temperature. 

Since electrical heat shows economy. only where is 
wasted but held within the furnace by insulating mediuns 
is very doubtful that electrically heated carburizing furnaces 
present design will show any economy if the fuel alone is ¢) 
sidered. But for exact temperatures, a vital thing in carburizi; 
the electric fuel is superior. Furthermore, the fuel represent 
only about 4 per cent of the process cost. Pots and lids make 
15 per cent of the cost, the carburizer 30 per cent, furnace 
preciation 4 per cent and labor 45 per cent. 

The carburizing operation is still in a very erude state. 
process is expensive and laborious and the writer looks for mu 
development in more efficient methods within the next few years 
Elimination of earburizing boxes, solid carburizers and reductiv 
of labor costs is the solution. The most advanced improvement 
in furnace efficiency and labor reduction is the counterflow co 
tinuous type. Generally speaking, this consists of a series of co 
veyors, each alternate one traveling in opposite directions. | 
furnace is loaded and unloaded at both ends so that the boxes 
entering the furnace are heated by those coming out at the sam 
door. This heat exchange saves the wastage of fuel from the usua 
method of removing the hot boxes directly and allowing them | 
cool in the air with all the heat dissipated and lost. All of thes 
furnaces are reported to have shown excellent fuel econom) 
reduced labor costs. The advisability of purchasing such a [u 
nace is governed by production volume, because continuous [ul 
naces of any kind must be operated fully loaded and_ witho 
frequent shutting down to show economy. It costs from $20 | 
$25 to bring one of these furnaces to the operating temperatu! 


HEATING Toots FoR HARDENING 


Electric furnaces, for tool work, have been a hoen for | 
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nufacturer of small tools such as taps, drills, dies, ete. Several 





ucions are in use. The crucible-type, the ordinary muffle-type 











nd the continuous-type for production tool hardening. The hard- 
ving of tools is a vital operation and temperatures must be kept 
» close control if satisfactory life is to be obtained from the tool. 
The rate of heating is also of utmost importance. It is annoy- 
nv. to say the least, to have a tool on which $60 in labor had been 
»xpended, crack during heat treatment due to too fast heating 
rv improper hardening temperatures. Incidentally, it may be re- 
marked, that more tools crack in hardening due to quenching 
the steel too near the eritical point than hardening at too high a 
temperature. The reason for this is that steel at its critical tem- 
perature is in a state of contraction, whereas steel above the 
-ritieal point, or below it, is in a state of expansion. The center 
of the metal mass is always cooler than the outside, hence if the 










steel is heated too rapidly and is quenched only a few degrees 
hove its critical temperature, the inside mass is still in the ecriti- 

range and unusual strains are set up which promote crack- 
ing. The same condition would ensue if a wide variation exists 
between the outside and the inside of the mass, even if the hard- 
ening is done well above the eritical range, for in passing down 









through the eritical temperatures, these same strains may be set 
up. Nearly all electric furnaces heat by radiation and the heat- 
ng chambers are small, hence the heating rate is slow and the 
tool is given ample time to heat uniformly. The freedom from 
oxidation is also an advantage of electric furnace tool hardening, 
because the work comes out nearly free from scale. Highly re- 
lucing atmospheres, however, should be avoided for this produces 
i soft skin on the work. 

When electric furnace installations are used, the hardening 
in be done directly in the tool room for no gas and air lines 
need to be laid, no objectionable furnace gases permeate the de- 
partment and the room temperature desired in this department 
an be maintained. Hardening in the tool room is always an 
ilvantage for the hardener, who by daily contact with the tool- 
makers, becomes more familiar with the functions of specific tools 
ind can consult with the tool room foreman whenever he is in 
\ubt of what is wanted. On the other hand, if the tool hard- 
is far removed from the tool room, this intimate contact 
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is lost and costly mistakes are sometimes made due 


familiarity of the hardener with the requirements o| 





first class tool hardeners can harden equally as 


or oil furnaces. Many plants educate their own men 





employ experts, which is as it should be. It is chea, 


than 
wages in order to successfully operate poor equipment. 








long run to provide the best equipment rather 










lligh SepeEep STEEL TLARDENING 





Kor high speed steel hardening, gas or oil furnaces a 


used. Forged tools are often hardened in the direct blast 


1) 





point furnaces, and cutters and larger tools in small s 


furnaces. Several types of electric furnaces for high speed 





hardening were tried out a number of but 


ures and much prejudice exists today toward them. 1 


years ago, 


Wer, 







cipal objection to these earlier types was their slow heatir 


High speed steel must be heated very fast above its 1500-deg 


Kahr. preheat and must come up to 2350 degrees Fahr. in 
| 








l 


to 


1 
jj . 


minutes. 





Slow heating to high temperatures 








that weak erystalline condition known as the fish scale 











Steel having this structure will not held an edge and breaks « 
in service. Furnaces of a new type have appeared recentl) 
the of the These 
element as the These fur 


are still in the experimental stage. The prineipal object 


have overcome faults earlier designs. 





resistance known ‘olow bar’’. 












them seems to be the short life of the and the 
Anothet 

of the carbon resistance-type has a series of carbon plates s 
he 


This type is giving good satist 


‘*olow bar,”’ 


culty of maintaining a standard resistance. 


heN | 


rounding the heating chamber. These units must ren 


about every 12 to 14 days. 


and the current consumption is low. Caution should be 


deciding upon electric heat for high speed steel heating fun 
particularly to the 
The burning out of a unit during a high temperature heat 
spoil a valuable tool. The 


be sure that the resistor elements are in good condition. 


in reference selection of reliable element 


be checked dail 


furnace should 


work is necessary yet toward improving heating elements 


are reliable above 2200 degrees Fahr. and will give long 





heating 

§ 1L500-dee 
‘ahr. in 
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‘ale fract 
breaks eas 
cently 


These us 
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object 0) 
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HEAT TREATING STEEL S01 
ve faults of immersion heating furnaces for high speed steel 


jready been discussed. 






HEATING FOR FORGING 











rve furnaces need much improvement. They depend upon 

irect blast for heating the bars and billets and overheating of 
ry . . 

eel is much too common. The amount of harm done is an un 


ortain variable. Raising the steel to a very high temperature 






lwarburizes it, inereases the grain size and weakens the inter 
systalline cement. Forging decreases the grain size again and 
mitigates a portion of the evil. If much work is done in forging, 


‘he trouble is minimized; if little work is done, the grain size 








remains large. If a billet is heated to 2100 degrees Fahr. and 
nished at 1600 degrees Fahr. a good forging can be expected. 
if a billet is heated to 2350 degrees Fahr. and finishes at 2000 
legrees Fahr. a poor forging will result. The effect of high forg- 
ng temperatures is ruinous to steel quality. Overheated forgings 


ire sluggish to thermal changes. They do not anneal readily. They 










lo not harden satisfactorily, and are weak to impact and show a 
iry coarse fracture. The writer has seen bars pulled from forge 
furnaces for upsetting which actually fell in two from their own 


weight. With the necessity for better and more uniform heating, 
























the forge plant must advance with other industries. Those who 
lo not keep apace with modern requirements will some day be 
facing a receivership. 

The stationary forge furnace is not only an unreliable heat- 
ng medium but very inefficient. Probably not over 5 per cent 
‘! the fuel used is consumed in heating the steel, the other 95 
per cent is wasted. The forge furnace can bring a piece of steel 
to the forging temperature in 6 minutes and burn or melt it in 
\) minutes. Continuous furnaces are possible and practical in 
production forging operations. Several installations have already 
een made in some of the larger industrial plants. In designing 
' continuous furnace, slow heating should be provided up to 
(00 degrees Fahr. and then rapid heating from 1700 to 2100 
legrees Fahr., which is the usual forging temperature. Slow 


heating from 1700 to 2100 degrees Fahr. is dangerous, because 
the 


e element of time enters into steel quality as well as tempera- 
‘ure. Ten minutes at 2100 degrees Fahr. might do little harm 
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to steel beyond increasing the grain size but 30 minutes 
degrees F'ahr. might ruin it. It seems to me in acco. 
the time and temperature cycle necessary for good forgin: 
tice, that an electric furnace would accomplish this best, 1), 
small floor space necessary, the fuel economy of an_ insulate 
electric furnace, the reduction of sealing, and absence of 
rizing action, the maintaining of any desired speed of | 
the possibility of exact electric control, to say nothing 0 
elimination of oil tanks, pipe lines, pumps, air compressors. 9 
freezing in the winter, fire hazards, ete., would make the electy 
furnace very acceptable to the forging industry. 

No doubt within a few years forging plants that are nov 
making a real effort to control forging heats and improve their 
practice, will be advertising certified forgings and guaranteeing 
their forging and finishing temperatures. 





























CONCLUSION 





The author realizes that he has only skimmed over the yas 
subject of heat treating but his object has been to show that the 
‘facre of diamonds’’ exists in improving heat treating practice 
and much opportunity lies dormant for the saving of dollars 
and cost reduction by the installation of modern equipment. | 
his own plant, every modern furnace which has been purchased 
or built, has improved heat treating quality by eliminating human 
variables and standardizing heating cycles. The financial sid 
has been reflected by reduced labor and increased productio 
Electricity plays an important role in all these heat treating op 
erations. The plant with which the writer is connected has 3! 
electric furnaces and a large continuous normalizing and anneal 
ing furnace which, although gas-fired, has the gas valves, the pus! 
ing mechanism, and the entire heating and cooling cycle unde 
electrical control. 
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THE IRON INDUSTRY IN 1926 





\ magnitude of production in 1926 the iron and steel industry recorded 
| remarkable year, according to the United States Bureau of Mines, De- 


nartment of Commeree, The production of steel in 1926 was the largest ever 
: orded and the production of pig iron was only 2 per cent less than the 
cord year. The production of iron ore, however, did not keep pace with 
‘he outputs of steel and pig iron, it showing a decrease of about 10 per cent 


from the year of largest output. 
lron Ore. The iron ore mined in 1926 amounted to 67,623,000 gross tons, 
n increase of 9 per cent as compared with 1925. The shipments of iron ore 
» 1926 amounted to 69,292,832 gross tons, valued at $174,015,645, an increase 
f § per cent in both quantity and total value as compared with 1925. The 
werage Value per ton of iron ore at the mines in 1926 was $2.51, which is 
irtually the same as the average for 1925. The stocks of iron ore at the 
mines at the end of 1926 amounted to 9,495,880 gross tons compared witli 
795,630 tons at the end of 1925, a decrease of 12 per cent. 
[ron ore mined in the United States, 1925-1926, in gross tons 
(Exclusive of ore containing 5 per cent or more of manganese) 
Percentage 


of increase 
or decrease 


State 1925 1926 in 1926 
Albee... wake bean eeabebes dn sae ae 7,093,250 6,847,789 3 
ON 6 vice 4 Wee Pee} ee 65 8 8s 852 282 20 
O00 «.cc'vca beeen es sea ees 8,642 35,535 +-311 
(eorgia ee So ee 78,835 51,642 34 
Michigan } aa m ae aie be 6 Wee ... 14,490,529 15,248,254 + 5 
eee. oe ee eee 36,856,244 40,701,613 + 10 
\ ay eee ee er 40,043 124,371 +-211 
Montana ret ee re ee 3,672 724 80 
New CeO civ an cae rast he dawe es 202,942 209,117 + 3 
New HOGG. cnidnwxmis cee bowers Weds 172,959 216,269 +- 25 
New WOek sce cGam twa es we Cas vbea 141,534 638,849 +351 
North CRMGE cos eu. ad wea eRe ee we 22,011 15,198 31 
Teer le ee ae ©)! —) »taeeann 100 
Pennsylvania ee et el eer O Te eee 955,955 1,095,505 + 15 
MEGEDOD 00tveeeeedeates oeus bab oe Ce 6 164,717 138,819 16 
ah (VER SEWREERE ESOS ce A eRETS 270,029 295,009 + 9 
Virginia ws wee ba wees bod 96,272 49,159 44 
WOMEN |. 6, «nd ure tes Ai ec wb kk <r dew 830 1,702 +105 
Wisconsin WAG ee Ne Ras Sed Be 0 a0 817,149 1,322,776 +- 62 
Wyoming rey ee ee sok 489,622 630,387 + 29 
61,907,997 67,623,000 + 9 





‘ron ore mined in the United States, by mining districts and varieties, 1925-26, 
in gross tons 
(Exelusive of ore containing 5 per cent or more of manganese) 


Percentage 

of increase 

or decrease 
District Hematite Brown ore Magnetite Carbonate Total in 1926 


1925 


Superior® 52,056,663 





Re RD Seeeiee . tesedess — beees 52,056,663 

irmingham 6,312,207 a Se ee 6,635,806 

ittanooga 259,843 DEE) OF NRK tee he ee 856,720 
Adire ndack } 

Northern New Jersey and} Peanpeeeie © See eede See kk ts $28,745 
southeastern New York J 

listricts b 917,977 ”» 464,124 1,143,259 4,703 2,530,063 

> 59,546,690 » 884,600 1,472,004 4,703 61,907,997 
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State 


Alabama 
California 
Colorado 


1926 


Superior® 


Birmingham 
Chattanooga 
Adirondack 
Northern New Jersey and! 
southeastern New York | 
be 


districts 


“Includes only 
"Some 


la 


Michigan 


sota 


Missouri 
Montana 
de rsey 


Mexico 


York 





hematite inc 


those 


‘luded 


57,143,407 
6,114,917 
198,574 


with 


1,177,675 


TRANSACTIONS OF 


393,300 
68,550 


b 349,074 








be 64,634,573 





mines in Wisconsin 
brown ore 
“Some hematite from ‘‘Other districts’? included with magnetite from Adi) 


l 


(;ross tons 


Carolina 


Pennsvlvania 
‘Tenne 


sSsee 


Virginia 
Washington 
Wisconsin 
Wvoming 
Undistributed 


6,891,081 $$ 
352 
8,642 
79,488 


40, 


43 
‘ 
> 


3 
64,5° 


15,254,003 


38,022,23 


‘ 


164,073 


268,! 


2g 


76,302 
S30 
953,214 


$89,622 



































total 






































»This 


Pig 


of 


63,924,765 l 


figure 








includes 


> 810,924 


which are in 


[ron ore shipped from mines in the United States, 1925-26, by 


for paint) 


925 


Value 


14,134,677 
(a) 
(a) 
231,683 
40,926,315 
96,083,485 
(a) 
10,244 
678,021 
(a) 
1,988,735 
49,511 
(a) 
2,149,800 
369,144 
361,251 
174,454 
(a) 
2,260,388 
(a) 
1,379,178 








60,796,886 


‘Included under ‘‘Undistributed.’”’ 
value for 


( 
( 


ross tons 
5,871,421 
282 
35.535 


51,642 


16,699,984 
40,961,361 


124,371 
724 
212,152 
216,269 
659,741 
14,798 
1,088,634 
138,307 
296,943 
49,703 
1,702 
1,238,885 
630,387 


2,215 § 2 856 





2,215 67,623, 





the true Lake Su 


I 





(Exclusive of ore containing 5 per cent or more of manganese and 


inc! 


Value Quant 
$13,846,656 

(a) { 

(a) +311 


149,198 
43,932,982 


103,715,621 + s 
532,536 +9] ] 
1,810 s 
925,403 + 29 
(a) ~ 2 
3,015,586 + 6 
31,645 ; 
eee ee yO LO¢ 
2,483,056 + 19 
312,109 16 
411,611 + 1] 
162,446 ; 
(a) + 10 
3,178,156 
(a) 


61,316,830 








69,292,832 


States entered 











at ‘“‘(a)”’ 


174,015,645 + “ 


above. 


Iron, The production of pig iron in 1926, exclusive of fer 


74,619,755 


tons. 


and 
An 


materials was consumed per ton of pi 


1.924 tons in 1925. 


6,254,523 


average 


duetion of pig iron in 1926 there were used 65 


t 
of 


ons of 


1.925 


g iron made 


was 38,755,698 gross tons, compared with 36,124,678 tons in 1925. In 


922,601 gross tons of don 


cinder, seale, and s 


gross tons of metal 


in 1926, as compat 


The shipments of pig iron from blast furnaces in 1926, amount 


38,181,053 gross tons, valued at $749,633,468, showed an increase ot 
cent in quantity and 1.4 per cent in total value. The general averag: 

pig iron of all grades at the furnaces in 1926 was $19.63, a decreas 
eents from the value in 


Pig iron shipped from blast furnaces in the United States, 1° 


States follows on the next page. 


iron ore and manganiferous iron ore; 2,442,631 tons of foreign iron or 
manganiferous iron ore; 


+ 
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1925 1926 Percentage of 
Increase OT decrease 
¢ Gross tons Value Gross tons Valu Quantity Value 
2.910.370 $57,777,275 2,875,534 $58,119,260 1.2 } 0.6 
(a) (a) (a) (a) ie al s 
8,600,484 74,937,781 3,626,330 73,460,392 + 7 2.0 
3.350.747 64,807,575 3,670,478 69,292,329 ' 9.5 t 6.9 
.53,935 (a) 148,053 (a) 3.8 
693,523 (a) 791,637 (a) + 14.1 
now eet ange eee 23,130 (a) : ; ; 
831,435 18,425,346 638,282 13,180,113 23.2 2S 6 
276,240 (a) 292,658 (a) | a 
3,758 (a) Lahheeeey she kan a 100.0 100.0 
| (a) (a) (a) (a) ‘ ‘ wear 
\ 2,151,306 $0,435,443 2,389,665 14,970,196 + 11.1 + 11.2 
8,857,615 173,418,068 9,177,127 176,433,401 | 3.6 f Re, 
12,537,809 258,140,674 13,142,528 263,238,184 + 4.8 f 2.0) 
95,186 2,014,176 113,029 2,544,825 + 18.7 + 96.3 
126.746 (a) (a) (a) ste ile + pny 
ahs 97,884 2,237,749 105,019 2,322,451 } 7 a \ 3.8 
ae vini ae 499,047 9,416,095 364,302 (a) 27.0 Se eae 
ine es 226,712 4,836,952 235,597 5,034,012 | 3.9 i $1 
ed b 402.175 32,842,199 b 587,684 '41.086,.806 ..... 
36,814,702 739,316,333 38,181,053 749,633,468 + a7 ' 1.4 
led under ‘Undistributed.”’ 
| des figures for States entered as ‘‘(a)’’ above 
Ferro-alloys. The shipments of ferro-alloys of all classes in 1926 amounted 


689,258 gross tons, valued at $61,368,407, an increase of 12 per cent in 
tity and of 16 per cent in total value. The production of ferro-alloys in 
9296 was 674,389 gross tons, as compared with 575,455 tons in 1925, an in 
ise of 17 per cent. 

The production of ferromanganese in 1926 was 318,052 gross tons, aver 
ving 79.25 per cent of manganese, and containing 252,066 tons of manganese 


metal). In the production of ferromanganese in 1926 there were used 619, 


08 gross tons of foreign manganese ore, 36,309 tons of domestic manganese 


{88 tons of domestic manganiferous iron ore, 7,576 tons of iron ore, and 
tons of cinder, seale, and serap. The quantity of manganese ore used 

er ton of ferromanganese made in 1926 was 2.063 gross tons; in 1925 it was 
133 tons; and in 1924 it was 2.186 tons. Of the foreign manganese ore used 
1926, Russia supplied 282,954 gross tons; Brazil, 237,358 tons; Afriea, 
12.692 tons; India, 31,667 tons; and the remainder was from Cuba, Chile, 


nd Porto Rico. The quantity of domestic manganese ore used in the manu 


facture of ferromanganese in 1926 represented only 5.5 -per cent of the tota! 


nNanganese ore used. 


The 


production of ferromolybdenum and calcium-molybdenum compounds 


1926 was 1,248 gross tons, containing 1,010,849 pounds of molybdenum 


metal ) 


The ferro-molybdenum averaged 58.43 per cent and the ealecium- 

molybdenum compounds 34.54 per cent. 

The production of ferrotungsten in 1926 was.1,808 gross tons, averaging 

(7.09 per eent of tungsten, and containing 3,121,928 pounds of tungsten 

- | = 

metal ) 
The production of ferrovandaium in 1926 was 1,962 gross tons, averag- 

ug 36.15 per cent of vanadium, and containing 1,588,591 pounds of vanadium 


+ ] 
metal 


Ferro-alloys shipped from furnaces in the United States, 1925-26, are as 


Ww 


vs on the next page. 
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Gross 


Variety of alloy tons Value 













tor 
Ferromanganese } { 330,0 
>, 245,005 $26,006,439 
Silico-manganese and _ silico-spiegeleisen } | » 18 
Spiegeleisen Comececgroconececceeer rT TeTre 95,890 2,407,226 82,982 
Ferrosilicon (7 per cent or more silicon) ... 221,387 11,405,060 233,428 
Ferromolybdenum and calcium-molybdenum 
compounds ........ Sb 00 cs suaeh ceceeses 210 236,957 1,096 
Perrotungsten .......66. Pie 6 Sk obs abe 1,238 1,991,123 1.771 
EE ee ee ee - 1,841 4,843,635 Wee 
Other varieties*® . cae eaak 5 ais ate Weide eed 41,651 6,157,660 85.951 









616,222 53,048,100 


689,258 








*1925: Ferrochromium, ferrophosphorus, ferrotitanium, ferrouranium, ferro 
zirconium-ferrosilicon ; 1926: Ferrochromium, ferrophosphorus, ferrotitanium, 
and zirconium-ferrosilicon, 










NO SUBSTITUTES FOR MANGANESE IN STEEL 





N the manufacture of steel, no satisfactory substitute for manga; 







known, declares the United States Bureau of Mines, In Germany during ¢ 
years 1917 and 1918, the shortage of manganese necessitated trial of ma) 
stitutes, such as aluminum in the form of silicon-aluminum alloys. Alun 
has a greater affinity for oxygen than manganese, but the oxidizatio: 
aluminum produces alumina which is relatively infusible and often remains 


the steel as slag inclusions. Aluminum cannot eliminate sulphur or chany 





















condition of sulphur as manganese can. A slight excess of aluminum tends 
produce large pipes in the ingots. Silicon in the form of ferrosilicon proba! 
has a greater affinity for oxygen than manganese, but its use is attended 
the following disadvantages: In slight excess it causes large pipes to forn 
ingots; the products of oxidation remain in the steel; it has no effect 
sulphur and no effect on the molecular arrangement of the metal. |‘ 
titanium is the most powerful deoxidizer known. Titanium does not alloy f: 
ly with iron and imparts to steel qualities that are not acceptable to the t 
Calcium, sodium, vanadium and boron alloys have been tried as deoxidizers 


homogeneous steel was not produced when they were used. 


DISCUSSION—ALUMINUM BRONZE 


(Continued from Page 278) 










conditions of thermal treatment. Even then their use may provide onl) 
first approximation as noted in the paper for the coefficient varies to a s 
stantial degree with changes in composition. In his own work, the autho 
has applied them with full appreciation of these limitations. 

Mr. Tour’s comments are the result of inability to preprint this pap 
The coefficients of equivalence refer only to structural composition. /% 
alloys of different chemical composition but containing equal amounts 
the same metallographic constituents as a resuli of the same therma 
mechanical history, may not, however, have the same mechanical properties 





The effects of manganese upon the mechanical properties of alumin 
bronze are shown in Figs. 19, 20 and 21 as well as Table IX. 
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REVIEWS OF RECENT PATENTS 


Reviews of Recent Patents 


By NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City—Member of A. S. S. T. 















1,633,805, Heat Resisting Alloy, Gerald R. Brophy, of Schenectady, 
New York, Assignor to General Electric Company, a corporation of New 


York. 

This patent describes a heat resisting alloy capable of withstanding 
high temperatures in air without oxidation. The object of the invention 
s to produce an alloy which may be used for castings at a cost not 
much greater than the cost of cast iron and which will have the oxida 
tion resisting properties of the more expensive nickel and chromium 
alloys. The new alloy preferably comprises aluminum 10 per cent, chro 
mium 5 per cent, nickel 30 per cent and iron 55 per cent. The nickel re 
duces the brittleness which would otherwise be imparted by the high 


aluminum content and the chromium is used to reduce the grain size 






and otherwise improve the property of the alloy. 























1,634,319, Method and Apparatus for Heat Treating Metal Articles, 
Thomas F. Callaghan, of Bellefonte, Pennsylvania, Assignor to Erwin 
C. Uihlein, of Milwaukee, Wisconsin. 

This patent describes an apparatus for heat treating metallic articles 
omprising a chamber 1 which is divided into an upper heating furnace 7 







- 


and a lower quenching tank 26. The furnace 7 is heated by means of 
resistance wires 10 and a pipe 30 is provided, connected to a suitable 
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source of vacuum, for exhausting the air from the furnace. 
The articles to be treated are supported in the center of 

by the support 14 on the arms 17 which may be water cooled 
of the pipes 19, 20 and 21, The articles are inserted on the 

raising the lid 4 and when received in the furnace are subje 
heat radiated from the resistance wires 10 and from the wa! 
top of the furnace. When the proper temperature has bee: 


by the articles, the doors 22 and 23 of the quenching compa! 



















opened and the support 14 with the articles thereon lowered 
quenching fluid. Since both the heating and quenching oper: 
carried out in partial vacuum, sealing and oxidation, which usu 


place in the hardening operation, is avoided, 





1,634,343, Alloy, George O. Smith, of East Orange, New Jersey. As 
signor to Western Electric Company, Incorporated, of New York, N. y 
a corporation of New York. 

This patent describes an alloy for producing springs adapt 
tain their resiliency at high temperature without becoming britt 
ability to retain resiliency in a spring at high temperature is 
by the use of a metal of the tungsten group in the percentag 
40 per cent and the remainder iron. The higher the amount 
tungsten, the greater the tendency to retain resiliency after heating 
red heat, and also the greater tendency toward brittleness. Nick 


be also used in the iron group. Brittleness may be reduced }) 









mixture of tungsten, molybdenum and chromium. A series of con 





tions, suitable for forming the desired alloy, is given as follows 





Per cent 


Cobalt 












CEI. 6.0.4. 6:0 00060 15 CO reer eee { 
BUMMER. — 0 os ocewnen 


hol) ee 
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Manganese ........ 
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TTOM we eee ee eee eee 25 eR fas Se gg 
Molybdenum ...... 25 Molvbdenum 
CIPOMNEE gc n.0.ceean L5 


Manganese ........ 


1,634,586, Method of Manufacturing Malleable Cast Iron, Masakicii 
Kubo, of Tokyo, Japan. — 

This patent describes, a method and apparatus for making ma 
iron in a more economical manner than the process now use 
method comprises firmly packing the white iron castings 12 in 


+} 


oxide or hematite 13, then heating the same in an electric or ot 
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ce, such as 15, to a temperature within the critical range, 


passing an electric current through the electrodes 14 and 


led 
he 


pject 


e packing 13 and castings 12 while in the heated condition 
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dapt i : 
} purpose of accelerating the change from the white to the mal 
ritt ; 
e iron. An alternating current is preferably used and the process 
C 18 im} ; i 
be completed in a very much shorter time than in the present mal 
itage , . 
practice, 
nount 
heating 1,634,858, Normalizing Furnace, William J. Stoop, of Wheeling, West 
Nick Virginia. 
d by using This patent deseribes a furnace for normalizing metal sheets to re 
1 of con the strains to which they are subjected during the rolling opera 
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m « Turnace comprises a gas or. oil fired chamber heated by means 
is 
2 in — P 4 
s 2 through which the sheets are conducted by means of a 
r othe 


*s of hollow rolls 1 having the corrugations la and 1b staggered so 
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as to convey the sheets substantially without bending th: 
end to end of the furnace. The rolls 1 are cooled by blowi 
the manifold 26 to the interior of the rolls permitting ese; 

















is 


conducted 


to 


the openings 4 in the pipe 3 extending through the rolls. ‘T) 
rotated by means of the pulleys 23. The air passing thro: 
terior of the rolls becomes highly heated and as it escapes 


bo 


of the furnace opposite the pipes 26, it 







duit 7 extending along side of the furnace which 
the of the to the 


the furnaces and from the conduit 8 the heated air 


in turn j 


at end furnace air conduit 8 passing over 












from the box 
veyed by the branch conduits 9 through the burners 2 located 


side so as to use the preheated air for combustion purposes 


1,635,025, Quenching Fluid, Guy M. Ball, of Dayton, Ohio 


This patent describes a quenching fluid for hardening fer: 


which tends to cool the quenched articles more uniformly tha: 
nary brine or oil quenching baths so as to prevent buckling o 


the 


pounds 


of same, The quenching solution is preferably composed 


sodium chloride, one-quarter pound potassium ecyanid 


pound borax to one gallon of water. 







1,635,384, Case Hardening Process for Steel Articles, Franz Pache: 
of Dusseldorf-Rath, Germany. 


This 


having an inner core of high tensile strength and toughness whic! 





patent describes a method of case-hardening a steel art 








prises first carburizing the desired portion of the article and the: 
treating the carburized portion in such a manner as to harden th 
the 


heat 


without into 
The 
caschardened 
the 
The heating of the casehardened 
preferably carried out in a highly heated bath of lead or other metal 
alloy capable of quickly heating the surface of the 


permitting the heat to 
to the 
by the 


before 


penetrate tougher core a 


cient distance harden core also. 





treating is prefer 


accomplished bringing portion very quickly 


hardening temperature heat has time to penetrate int 










core and then quenching. saat 
article befor 


heat penetrates into the interior. 


1,628,376, Electric Furnace, Irving R. Valentine, Erie, Pa., assignor to 
General Electric Company. 

In this electric furnace comprising a refractory crucible provided \ 
a duct in which the charge is heated by an electric current passed thu 
it, a reservoir provides a hydrostatic head of molten charge commu 
ing with the duct between the ends thereof from which molten cha: 
supplied to the duet to prevent rupture of the electric circuit by th 
force acting on the molten charge in the duct, 


1,629,508, Blast Furnace, Julian Kennedy, Pittsburgh. 





This patent covers laterally adjustable means carried by th 


for guiding and centering the big bell on a blast furnace. 
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* HE ENGINEERING INDEX 
*S( . 
"1 Registered United States, Great Britain and Canada 
ire \rrangements have been made with The American Society of Mechanical 
Eng ers whereby the American Society for Steel Treating will be furnished eaca 
es sonth with a specially prepared section of The Engineering Index, It is to 
ie items descriptive of articles appearing in the current issues of the world’s 
» be rincering and scientific press of particular interest to members of the American 
1 i onntott for Steel Treating. These items will be selected from the copy prepared 
for the annual volume of the Index published by the A. 8. M. E. 
vel In the preparation of the Index by the staff of the A. 8. M, E. some 1,200 
d tic and foreign technical publications received by the Engineering Societies 
box Library (New York) are regularly searched for articles giving the results of the 
ted world’s most recent enginecring and scientific research, thought, and experienc« 
vrom this wealth of material the A, 8. 8, T. will be supplied with a selective indcx 
Cs to those articles which deal particularly with steel treating and related subjects 


Photostatie copies (white printing on a black background) of any of the 
ticles listed may be secured through the A. 8. 8. T. The price of each print, 
, to 11 by 14 inches in size, is 25 cents. Remittances should accompany orders 
A separ ite print is required for each page of the larger periodicals, but whenever 


Ohio 












ferr: sible two pages will be photographed together on the same print. When ordering 
nrints, identify the article by quoting frem the Index item: (1) Title of article ; 
thar (2) name of periodical in which it appeared; (38) volume, number, and date of 
, nublication of periodical; and (4) page numbers, 
iy oO il 
[pose ij 
mide 


‘LLOY STEELS figes Experience in) pre and post-war Cimes 
has shown aluminum to be eminently suita 












LOYS, EFFECT Ot : bec of \Iloy ble for fermenting and = storage casks, for 
Franz Pacher 7 = 3 nyatca! Fropertic , veast cultivators, and numerous smaller im 
w Hl. M, Boylston Fuels & | os ye plements and utensils in brewery trade; «ce 
_ _ ; ate ty ec ewe aby : : gree of purity of aluminum best suited for 
din ion oOo ‘ ec ia) wove on cri 


sich brewing utensils and implements is not 
definitely determined yet; presumably, alu 
minum with purity of 99 per cent will be 
given preference over qualities containing 98 
to 99 or 99.5 per cent of pure aluminum 


nt ind variation in heat treatment 
erence in’ compositions; suitabil 
illoy steels for different ap 


steel irt 
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rden the Aluminum Castings Are 

| atadahe Made, E. V. Pannell. Am. Metal Market, 

r core a ECRYSTALLIZATION Reervstallization vol, 34, no, 118, June 18, 1927, pp. 6, 8 and 

is prefera Metal Alloys (CRekristallisation und 10-12, 16) figs Points out that light-alloy 

rt von Edelmetallegierungen), lL melting and molding departments should be 

quickly Rainer Zeit. fiir Metallkunde, vol kept distinct and entirely different routine 

4, Apr. 1927, pp. 149-153, 4 fig established; properties of aluminum-copper 

trate into t t that measurement of grain siz silicon allovs; mixing, melting, molding and 

ied portio \-ray photographs of cold-worked and pouring; testing; standard aluminum = cast 
netals and allovs have as vet given ing alloys 

other metal te explanation of reerystallization ; CEMENTATION, Cementation of Alumi 

Je befo f certain mechanical properties of num by Copper (Cementations de Vlalumi 

; illoys through heat treatment nium par le cuivre), J, Cournot and E, Perot 

with silver alloys, and in greater Académie des Sciences—Comptes Rendus, vol 

| alloys, strain hardening occurs 183, no, 25, Dee. 20, 1926, pp, 1289-2191 

derate heating, magnitude of which Trving various methods, authors obtain best 

a., assignor to nerically determined; manner of results by heating aluminum evlinders to be 

- is still unknown treated in neutral atmosphere in eleetrie fur 

CHNICAL FRANCE The New Allovs nace after baving deposited electrolytic cop 


per on specimen; cementation sets in) above 
procédés de travail par defor 44 deg. cent. ; as temperature rose up to 
660 deg. penetration of alloy into core in 
rechnique Moderne, vol 19, no : : 
\ O07 9 on< . creased continuously to 1.59 mm., but Brinell 
lo, 1927, pp. 290-292, 4 figs A] ; Ba 
hardness attained its maximum near 615 deg 


provided W of Deformation (Les nouveaux 
massed thr 


Ce Commu 








ed in France for production of 













Iten charg peed tools; miramant an equivalent to CHEMICAL INDUSTRY. Aluminum Ware 
t by the n alloy, stellite, with melting point (Das Aluminium als Werkstoff in der chem 
. deg. cent.; allovs cast in chil! ischen Industrie), H Rohrig Chemiker 
ilry metals; cold and hot forg Zeitung, vol. 51, no. 25, Mar. 30, 1927, pp 

cutting and stamping 237-238. Aluminum as material of construc 

tion is useful for many chemical processes 

ALUMINU™ and products, including nitric acid, explo 

sives, coke by-products, petroleum refining, 

by the ‘EWERY INDUSTRY Aluminum in the fats and oils, fermentation industries and 
Trade, M, von Sehwartz. Eng. Prog dyes; many alloys are in use; in some cases 






‘, no, 5, May 1927, pp. 129-180, 6 metal is given protective coating. 

































































































































































































































































































































































































































































































































































CRYSTALS, BEHAVIOR UNDER TEN 
SLON Behavior of Aluminum Crystals under 
rension (Das Verhalten von Aluminiumkri 
stallen bei Zugversuchen), von Géler and G 
Sachs Zeit. fiir Physik, vol. 41, nos. 2-3, 
Feb. 10, 1927, pp. 103-115, 6 figs. Math 
ematical analysis of simple and double slip 
ping of aluminum crystals when under ten 
sion 

MELTING AND CASTING. Characteristic 
Properties of Aluminum under influence of 
Melting and Casting (Das Schmelzen = und 
Aluminiums), E. Richards, 
Giesserei-Zeit vol. 24, no. 6, Mar. 15, 1927, 
pp. 156-160 Influences of different melting 
apparatus on quality of product; melting 
process and deoxidation medium; importan 
f determination of proper casting tempera 


Giessen des 


tures 


ALUMINU™M 


CORROSLON Corrosion rest of Light 
Metal (Priifung von Leichtmetallen auf Kor 
rosion), | Rackwitz and 1 K. O, Schmidt 
Korrosion u. Metallschutz, vol. 3, no. 3, Mar 
1927, pp. 58-62, 5 figs Deals with surface 
changes, loss of weight, strength and elonga 
tion through corrosion 


CORROSION The Corrosion of Aluminum 
and Its Alloys in Different Electrolytes (Ein 
Beitrag zu Kenntnis der Korrosion des 
Aluminiums und seiner Legierungen in ver 
schiedenen Elektrolvten), N. Isgarischew and 
W Jordansky Korrosion u Metallischutz, 
vol. 8, no. 3, Mar 1927, pp. 54-58, 6 figs 
Investigation of corrosion of different alumi 
num allovs in relation to their copper con 
tent in solutions of hydrochloric acid, which 
are most active and have greatest reprodut 
tion capacity of all electrolytes: also inves 
tigation of corrosion of pure 
solution of acids 


INCLUSLONS Inclusions in Light Metals 
and Their Effect on Their Mechanical Prop 
erties (Einschiliisse in Leichtmetallen und 
ihre Wirkung auf die mechanischen Eigen 
schaften), H. Steudel Feit fiir Metallkunde, 
vol. 19, no, 4, Apr. 1927, pp. 129-137, 30 
figs Given cxamples showing unfavorabl 
influence of ins6luble admixtures in aluminum 
allovs, through which full utilization of 
their strength properties is adversely influ 
enced: by referring to metallurgical develop 
ment of structural steel, methods are indi 
cated for improvement of quality of light 
alloys 


ALLOYS 


aluminum in 


ALUMINUM BRONZE 

PROPERTIES Aluminum Bronze, J 
Strauss Am Sox Steel Treating—tTrans., 
vol. 12, no. 1, July 1927, pp. 68-105, 17 
tigs Review of constitution, mechanical 


properties and resistance to corrosion of these 
aluminum-copper alloys with and without ad 
dition of other elements; survey of portion 
of non-ferrous field in which mechanical 
properties, heat-treatment practice and othe 
features are closely allied to those of som 
ferrous product 


BEARINGS 


LEAD BRASS Bearings Made of Lead 
Brass Elec. Rv. Jl... vol. 69, no. 25, June 
18, 1927, pp. 1077-1079, 9 figs Composition 
used by Market Street Railway is said to 


have exceptional qualities; reclaimed scrap 
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gaandvy and M. Polanvi Va 
kunde, vol. 19, no, 4, Apr 
165, 2 figs Determination « 
in brass; method can be 
few minutes, 

SULPHUR IN Sulphur in B 
Trade J1., vol. 35, no. 564, J 
p. 487. Sulphur and rolling t 
heen repeatedly demonstrated 
ferent impurities present whil 
sulphur is apparently least | 
trouble. 

BRONZES 

MACHINING The Machi 
Bronzes, Metal Industry N 
no. 6, June 1927, p. 249 s 
working of different allo. 
CAR WHEELS 

SOLID ROLLED-STEEL i 
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Ry & Locomotive 
1927, pp. 
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\. Wimmer. 
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gin and chemical 
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ARBURIZATION, 
Iron (Etude 
n), M Leroyer 
1, June 10, 
ence of factors 
gth of ore, and 


ition 


CONTENT OF 


ENGINEERING 





Eng., vol 
Steel is 
rolled in 


diameter to 


be made; 


rotary shears 
steps in man 
machining 


structure and 
Segregations (Die 
Gasblasensei 


Eisen, vol 


781-786, 23 
Describes oc 
composition of 
structure, be 
phosphorus, and ferrite with 


Decarburiza 
Phénoménes «k 
Fonderie Mod 

pp. 149-153, 
time, tempera 
thickness of molds 


CHARGE 


rocess for Determination of Gas 


f Liquid Metal Charges 
ur Bestimmung 
Metallschmelzen), 
Stahl 


28, 1927, 
existing 
on different 


literature ; 


(Ein neues 
Gasgehaltes 


A. Wiister 


Eisen, vol. 47, 
698-702, 5 figs 
results of in 


specimens , 


overheating on quality and com 


gas; practical 


26, 1927, 


supp. plates. 
ntent In cast 
eparation ; 


rvstallization 
distribution ; 
properties of 


335-340, 15 
scientific 


Distortion 
Heating, 
vol. 16, no. 
(Met. Sect.). 
repeated conditions 
ng is discussed, and compared with 
by refrac 


Re pe ated 


phenomenon 
ils 


GROWTH The Growth 
as | hsen des Gusseisens), 
CGiesserei-Zeit., 
r. 1 and 15, 


S4, 32. figs. 


applicability 


Graphite 


relation 


Influence 
Graphitization 
Schmeiztemperatur 
Klingenstein. 
12, June 15, 
Review of prac 
view of ob 
with finely dis 
tests of author 
melting and super 
temperature on graphitization ; 
d graphite with normal cooling and 
to maximum 


works 
irbon-poor cast 
gi iphite ; report 
influence of 


exhibited 


Gray Cast 


Gusseisen), 
Eisen, vol. 47, 
857-867, 48 figs 
Significance 
theory of 
between condi 
graphite and its 
influence of graphiti 
1ron ; older 
method for removal of graphite. 

GRAPHITIZATION, 
t Temperature 
Einfluss der 
Graphitabildung), 
Zeitung, vol. 


temperature. 

Growth in Cast 
G. Hurst. 
June 4, 1927, 
Growth of cast 
of heating 


Cast Iron 


K. Sipp and 
24, nos. 9 
pp. 229-244 


of existing 


of 


otf 


of 


form 









INDEX 


literature; tests to determine behavior of 
cast ircn with superheated steam of 450 to 
500 deg., with annealing of temperature at 
600 to 1000 deg. and when_= stressed to 
melting point 

HEAT TREATMENT, EFFECT OF. Ef 
fect of Heat Treatment on the Combined 


Carbon in Gray Cast Lron, E. L. Roth Am 
Soc. Steel Treating—Trans., vol me a: ee 
July 1927, pp. 27-40, 13. figs Results of 


series of experiments; heat treating is nec 
essary when sufficient carbon has combined to 
form hard spots of cementite; microscopic 
examination shows that formation of gra 


phitic carbon is propagated from edges 
toward center; it is believed that silicon 
does not have marked effect on = graphitiza 
tion; it is also shown that degree of graph 
itization does not increase with rising 
temperature, 

MECHANICAL CLEANING Means for 


Prevention of Defective and Production of 
Good Castings (Einiges tiber Mittel zur Ver 
meidung fehlerhafter sowie zur Erzielung 
guter Gussstiicke), F Brandenburg Gies 
serel, vol. 14, no. 22, May 28, 1927, pp 
353-354, 4 figs. Describes two arrangements 
for mechanical cleaning of cast iron, which 
do not take place of deoxidation in ladk 
by aluminum but supplement this procedure. 


MOLTEN, TEMPERATURE MEASURE 
MENT. Temperature Measurement of Mol 
ten Cast Iron, Basic Pig Iron and Steel 
(Temperaturmessungen von flussigem Guss 
eisen, Thomasroheisen und Stahl), M. Wenzl 
and F. Morawe. Stahl u. Eisen, vol. 47, 
no. 21, May 26, 1927, pp. 867-871, 4 figs. 
Measurements in iron foundry, inelnding 
meusurement of iron bath in reverberators 
furnaces with thermo-couples; measurement 
of iron flow in reverberatory furnaces and 
cupolas by optical means and with thermo 
couples; temperature measurement of iron 
in ladle; measurement of basic and open 
hearth steel. 


NICKEL IN Nickel Changes Properties 
of Gray Cast Iron, D. M. Houston. Foundry, 
vol. 55, nos. 10 and Jl, May 15 and June 
1, 1927, pp. 399-401 and 423-425, 7 figs 
Also in Am. Mach., vol. 66, no. 23, June 
9, 1927, pp. 961-962, 3 figs. Explains effect 
and use of nickel; points out stabilizing 
effect of nickel on combined carbon related 
to casting conditions; from 0.5 to 0.75 per 
cent nickel bas been found to overcome both 
variations of cupola and casting conditions, 
economic phases of nickel addition; it makes 
pre-annealing unnecessary. 


OVERHEATING, Theoretical Principles 
of Overheating Gray Cast Iron (Theoretisch« 
Grundlagen der Graugussiiberhitzung), H 
Hanemann. Stahl u. Eisen, vol. 47, no. 17, 
Apr. 28, 1927, pp. 693-695, 3 figs. Deriva 
tions from diagram of state of iron-carbon 
alloys; stable saturation curve for bound 
carbon: conditions under which saturation 
curve is reached, exceeded, and not reached: 
discusses overheating theory of E. Piwowar 
skv. 


SHRINKAGE. Some Aspects of Foundry 
Work, E. Longden. Foundry Trade JI1., vol. 
85, nos. 563 and 564, June 2 and 9, 1927, 
pp. 463-465 and 475-480, 32 figs Author’s 
opinion is that liquid shrinkage in gray 
iron as is generally made evident by cavity 
and porosity is caused, mainly, by mold and 
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occluded gases, but that there is also abund 
ant evidence to prove that degree of resist 
ance offered by mold material to gray iron 
when cooling has important bearing on s0- 
lidity of metal; it would appear that actual 
metal shrinkage, except in very strong iron, 
is practically nil; mold materials and den 
sity of castings; spherical castings; cause 
of mold disturbances; porosity of molding 
sand: running arrangements. June 9: con 
struction of mold; two grades of metal in 
same casting; making lathe bedplate; mold 
ing hydraulic cylinders, rams and heavy 
filvwheels with special reference to molding 
box construction; heavy flywheels; 
manent or long-life molds. 


VOLUME CHANGE DURING SOLIDIFI 
CATION. On the Volume Change in Cast 
Iron during Solidification, with a Criticism 
of the Double Diagram of the IlIron-Carbon 
Svstem. K. Honda and H. Endo, Tdhoku 
Imperial Univ.—Seci. Reports, vol. 16, no. 
1, Feb. 1927, pp. 9-25, 8 figs. Measurement 
carried out, by means of thermobalance, with 
object of confirming view that in iron-carbon 
system, graphite formed during solidification 


semi-per 


CASTING 


CENTRIFUGAL. Centrifugal Tube Cast 
ing in Hot Molds, L. Cammen. Foundry 
Trade J1., vol. 35, no. 565, June 16, 1927, 
pp. 6501-502. Abstract of paper read be 
fore American Foundrymen’s Association in 


1926. Materials for heated molds; experi 
ment to develop mold material; protecting 
mold surface from solvent action of hot 
steel; temperature of hot molds. 







CHROMIUM STEEL 


CHROMIUM-COBALT. Chromium and 
Cobalt Steels (Note sur les aciers au chrome 
et au cobalt), F. M. Ostroga. Revue de 
Métallurgie, vol. 24, no. 3, Mar. 1927, pp. 
135-145, 22 figs. Two steels used for ex 
haust valves for internal-combustion engines 
have been studied by dilatometric and mi- 
croscopic methods and their Brinell hardness 
determined; steels are not readily oxidizable 
at high temperfitures, transformation tem 
perature on heating is 850 deg. and hardness 
is 60 at 800 deg.: in malleable condition 
they are easily machinable. 


CORROSION. Methods to Investigate 
Rapidity of and Susceptibility to Corrosion 
of High-Grade Steel, with Special Referenc: 
to Origin of Corrosion in Stainless Steel 
( Untersuchungsmethoden tiber die Rost 
geschwindigkeit und-neigung von Qualitits- 
stihlen mit besonderer Beriickstichtigung der 
Korrosionsquellen an_ rostsicheren Chrom- 
stiihlen). V. Duffek, Korrosion u. Metall 
schutz, vol. 3, no. 3, Mar. 1927, pp. 49-53, 
4 figs. Author seeks to demonstrate adap 
tability of certain investigating methods. 


COAL GAS 


WELDING AND CUTTING, APPLICA 
TION TO. Heating and Illuminating Gas 
in Welding and Cutting Metals, 8. Cocker- 
ill. Gas Age-Rec., vol. 59, no. 24, June 11, 
1927, pp. 855-856. While primary object 
of using coal gas or water gas mixed with 
other gases in welding and cutting is to 
lower cost, yet there are stated to be other 
reasons such as increased calorific value of 





















these mixtures over calorific 
gen alone. 


COKE 

OCOMBUSTIBILITY. The < 
of Coke, W. Diamond. Found 
vol. 35, no, 562, May 26, 192 
Recovery coke ovens 
coke; cupola ; 


; structur 
volume and pi 


COPPER 

ANNEALING. The Annealing 
N. R. Stansel. Fuels & Furnac: 
5, May 1927, pp. 615-618, 4 
mination of reerystallization t: 
cold-worked metals: effect of 
properties of copper; use of ¢ 
for annealing operation 

CAST. The Significance of St 
Cast Copper for Analyzing P: 
Copper (Die Bedeutung des Gussgefii, 
die Eigenschaften von Kupfer), 0. RB 
and G. Sachs. Metall u. Erz, 
7, Apr. 1, 1927, pp. 154-164, 4 
examples of defects in copp 
of density through determinati 
gravity and by means of X-ra ' 
tion; defects due to  blowholes 
ment. 


CAST. The Structure and Ss 
mation of Cast Copper (Ueber G 
und QOberflachenbildung _ b « 
Kupfer), P. Siebe and L. Katter 
fiir Metallkunde, vol. 19, no. 5, M 
pp. 177-186, 21 figs. Influet 
temperature, casting temperatur: 
of casting on structure of cast coy 


| 


CRYSTALLITE ORIENTATION, Cr 
Orientation of Copper in Relat 
of Rolling (Ueber die Kristallit 
ung in Abhiingigkeit vom Walzgra 
Kupfer) G. Tammann and H,. H. M 
Zeit. fiir Metallkunde, vol. 19, n M 
1927, pp. 82-84, 2 figs. On rol 
crystallites slip along an _ octahed 
and, until reduction of 380 to 4 
in thickness has been effected, | 
octahedral planes in plane of 
creases; further work results in 
of elongated crystals in directior 
dicular to direction of rolling, a 
these lamellae split up into long 
fibers which are apparently twinned 
about 40 per cent reduction proport 
octahedral planes on surface increas 
with 50 per cent reduction they ha 
tically disappeared, giving place t 
hedral planes; after annealing at 4 
deg., surface crystallites are pract 
so oriented that an octahedral 
with its apex in direction of | ng 
verely cold-rolled sheets, however 
through transition state in which 
large proportion of unevenly orient 
cahedral planes in surface. 

























COPPER ALLOYS 


MELTING. The Melting of A 
actuel du probléme de la fusion des NY 
M. Fourment. Revue de Métallurg\ 
24, no. 4, Apr. 1927, pp. 179-19 
Deals especially with alloys hav 
as their base such as brasses and 
also with aluminum alloys; types ©! 
furnaces; electric melting furnaces 
and induction type. 





ENGINEERING 





( ORROSION 


PREVENTION. 


Prevention, 


Corrosion, 


‘ orrosion ; 
boiler-water 


ORROSIVE Corroding 
Mirtel angreifende 
Metallschutz, 


boiler-feed 


is injurious ; 
magnesium 
unsuitable 
onstruction, 
and magnesium salts are 
Bibliography. 


CRYSTALS 


Metallkristal 
Metallkunde, 


stals (Zur Fliessgefahr von 


of models, flow danger of hexagonal 
surface-centered 


Investigation 
owth of Crystals in Different Directions, 
Bentivoglio, 


experimental 
experiments 


determine 


deals with question whether 


CLPOLAS 
FLUORSPAR 


Prominent 
rejoinder and advocates 
reduced by 
and jolting. Prepared from German and 
mented on by 


FLUORSPAR The Effect of Fluorspar 
Addition in the Iron Foundry 

ingsweise des Flusspats als Kuppelofen- 
schlag in der Eisengiesserei), Osann. 
47, no. 21, May 26, 
discussion 


Buchholz, depre- 


The Role of Fluorspar 
Foundry Trade Jl., vol. : 
508-510, 4 figs. 
riments show that fluorspar flux has no 
rizing effect upon molten iron; more- 
is to be rejected from metallurgical 


Translated 


ANALYSIS, 


Automatic 
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in Cupola Practice (Erfahrungen mit der 
automatischen Gasanalyse im Kupolofenbe 
trieb), H. Pinsl. Giesserei, vol. 14, no. 28, 
June 4, 1927, pp. 374-384, 14 figs. Appara 
tus employed and comparison of their merits 


MELTING PROCESS. Cupola Melting and 
High-Grade Cast Iron (Kupolofenschmelzen 


und veredelter Guss), ©. Rein. Giesserei 
Zeit., vol. 24, no. 7, Apr. 1, 1927, pp. 173 
179, 10 figs. Critical discussion of article 


by W. Hollingerbiiumer published in Gies 
serei, on cupolas; basic condition for cupola 
melting process; desulphurizing of cast iron 
and equipment developed for this purpose ; 
slag collector; Diirkopp-Luyken-Rein process ; 
refining of cast iron, 


OPERATION, Comparative Study of the 
Operation of Cupolas (Etude comparative du 
Fonctionnement des Oubilots), Poumay. 
Fonderie Moderne, vol, 21, May 25, 
1927, pp. 136-140, Establishment of heat 
balances and their signification; factors de 
termining economy of cupolas; determina 
tion of calorific power required to cast 100 
kg. of pig iron. 

POUMAY SYSTEM. Important Develop 
ment in Cupola Practice. Foundry Trade J1., 
vol. 35, no. 5638, May 26, 1927, pp. 4338-434, 
2 figs. Details of Poumay system of cupola 
practice at works of Kryn & Lahy Metal 
Works; this is first installation of its kind in 
Great Britain, and management are more 
than satisfied with results of preliminary 
‘rials and intend converting their second 
cupola at earliest opportunity. 


TESTING CAST IRON. The Small Cupola 
for Testing of Castings (Le petit cubilot 
moderne pour les essais de fontes), A. Defer. 
Fonderie Moderne, vol. 21, Mar. 25, 1927, 
pp. 28-29, 1 fig. This small model has same 
general characteristics as large cupolas, action 
of melting occurring under same physical and 
mechanical condition; it has melting capac 
ity of 400 to 500 kg. per hour; it may also 
be employed ‘in bronze and aluminum foun 
dries, 


DIE CASTING 

ALUMINUM, Notes on Aluminum Die 
Casting, F. A. Livermore. Metal Industry 
(Lond.), vol. 30, no. 28, June 10, 1927, pp. 
571-572. Die-casting machines; dies, alloys; 
method of die casting 


DURALUMIN 


ANODIC OXIDATION. The Anodie Oxi- 
dation Treatment of Duralumin, W. Nelson. 
Aviation, vol. 22, no. 24, June 13, 1927, pp. 
1288-1289 and 1315, 4 figs. Treatment con 
sists of oxidizing surface of part by mak 
ing it anode in chromic-acid solution through 
which electric current is direct; it renders 
aluminum very resistant to corrosive influ 
ences; but full benefit of this type of oxi 
dized surface is not obtained without use of 
final paint or varnish finish; disadvantage in 
treating individual pieces; treatment carried 
out in steel tank. 


CORROSION, Effect of Corrosion upon the 
Fatigue Resistance of Thin Duralumin, R. R. 
Moore. Am. Soc. Testing Matls.—Advance 
paper, no. 87, for mtg. June 20-24, 1927, 
7 pp., 5 figs. Results of fatigue tests on 
thin-gage corroded duralumin to determine 
effect of embrittlement of duralumin, due to 
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corrosion, in terms of resistance of metal to 
repeated stresses or fatigue; results show 
effect of certain degree of corrosion upon en 
durance limit; corrosion of duralumin = o¢ 
curs predominantly along grain boundaries 
(*intererystallin’’) and is of continuous or 
progressive nature rather than local pitting 
type, although mOrrie of latter is present : 
method of making accurate fatigue tests on 
thin-wagwe light metals 


SPOT-WELDED Tension Tests of Spot 
Welded Duralumin, T. W Downes Chem 
&® Met. Eng, vol. 34, no, 6, June 1927, pp 
350-360, 4 figs Deals principally with ten 
sion and corrosion tests of electric spot 
welded specimens of sheet duralumin which 
have been conducted at Naval Aireraft Fac 
tory; heat treatment of specimens; chat 
acter of welds 





EDUCATION, ENGINEERING 


FOUNDRY INSTRUCTION Professional 
and Technical Training in the Foundary Trade 
(L’ Enseignement Professionnel et Technique 
de lindustrie de la Fonderie), A. Soupart 
Fonderie Moderne, vol. 21, May 10, 1927, pp 
115-119, 1 fig Studies means of promoting 
and assuring success of training 


ELECTRIC FURNACES 

VR Arc Furnace Design Involves Nu 
merous Features, W. E. Lewis. Foundry, vol 
mm, no 11, June 1, 1927, pp 36-439, 6 
figs In design of electric furnaces best 
results can be obtained only by properly 
correlating voltage, wattage, clectrode spac 
ing, furnace dimensions, etc.; regulation of 
powell 


BASI¢ Reaction Phenomena in Basic 
Electric Furnaces (Reaktionsvorgiinge im 
basischen Elektroofen), K. v. Kerpely Gies 
serei-Zeit., vol. 24, no. 4, Feb. 15, 1927, 
pp. 8-101 Oxidation and deoxidation; in 


fluence of slagging and composition on qual 
ity of steel and of cast iron; present status 
of triple slagging See also discussion in 
no. 8, Apr, 15, 1927, pp. 207-208 


DEVELOPMENTS Developments in Ele 


tric Heat, G il Schaeffer Iron & Steel 
Engr., vol. 4, no, 6, June 1927, pp. 276 
281 Report covering fleld of electric heat 


for period that has elapsed since 1926 con 
vention at Chicago; deals with electric melt 
ing; high-temperature and low-temperature 
furnaces; roll heaters; hardening high-speed 
steel: heat treatment of rails; combined use 
of electricity with other fuel; bright an 
nealing; electric heating of hot tops of steel 
ingots; high-frequency furnace developments 


FOUNDRIES Allovs Iron Electrically, F 
(} Steinebach Foundry . vol 55, no 11, 
June 1, 1927, pp. 483-435 and 439, 3 figs 
Pennsylvania foundry makes ingot molds 
from cupola iron and wear-resisting cast 
ings from electric-furnace metal 


FOUNDRIES The Eeonomy of Electri 
Furnaces in Foundries (Die Wirtschaftlich 
keit des Elektroofens in der Giesaserei), E 
Kothny. Giesserei-Zeit,, vol. 24, no, 8, Feb 
1, 1929, pp. 57-68 and (discussion) no. 7, 
Apr. 1, 1927, pp. 185-188, 12 figs Unit 
syatem for caleulation of initial costs of 
material to be melted; comparative costs for 
production of standard cast iron in cupolas 
and electric furnaces; production of synthet 





TRANSACTIONS OF 





THE 


K castings ; compares prod 
leable castings in cupola, 
electric furnaces; steel and 
ings 

FOUNDRIES The Statu 
naces in Foundries (La situat 


four électrique en fonderie) 


Klectrique, vol, 36, 1 


” 


pp. 129-1382, 2 figs Deals w 


steel, cast-iron, and 
dries. 


HEAT-TREATING 


it 


liefert 


ectric 


Furnace, QO. ¢ Trautman 

13, Tht 
Autom 
other springs, are heat tr 
through 


ing-Heat Treating, vol 
pp 142-143, 3 figs 


which, after passing 


charge into quenching 


loading 
INDUCTION 





tun) 


Filled Ducts (Der Induktion 


Induction 


ofe 


{, 


ten Kaniilen), E. F. Russ 
vol, 24, no, 9, May 1, 1927, p; 
fies Development of inductio: 
filled melting grooves, showing 
movement of bath in narrow 
INDUSTRIAL Industrial 
naces in the First Quarter 
(ll forno elettrico industrial 
quarto del secolo), S. Paglian 
vol, 36, no. 6, June, 1927, pp 
Deals with furnaces for elect 
are furnaces of Stassano and | 
IRONLESS INDUCTION 
Induction Furnace (Der eisen! 
ofen), W. Fischer. Giesserei-Z« 
no, 5, Mar 5. Bete pp 113 
Points out ditferences bet we 
queney and low-frequency induct 


electric theory of  high-frequen 


efficiency and possibilitic 
See il 


types and prospects 
no, 8, Apr. 15, 1927, 


MELTING, COST ¢ 


POWER 


nation of Electric-Power (© 


Regard to Electric 


Me 


Iting 


lung fiir die elektrische Er 
sonderer Berticksichtigung 


Schmelzens), F K noops 


Hiitten u. Walzwerke, 
4, 1927, pp. 225-2380, 


V 


o tips 


for determinations of cost; p 


showing to what exter 


{ 


berger 


ck 


ré 


pe 


dependent on duration of heatin 


STEEL-MELTING 


en Lichtbogen-Elektrostahlofena 
r Hitter 
lyr 


Schey Centralblatt 
werke, vol, 31, no. 18, 
236, 11° figs Detail 
stalled in plant of 


Demag, Duisburg, an 


The N 
Arc Furnace (Beschreibung « 


cle 
N 


“ 


fay 4 
of st 


ew 


ithe 


mew 


Schii fler 
Magdeburg; mechanical 


powe 
elect 


by German General Electric 
for production of high-grade 


from scrap metal 


ELECTRIC WELDING 
BOILER REINFORCING 


trically Welded Reinforcing 
and Containers, E, Horn 


49, no. 7, July, 1927, 


Particulars regarding 


I 
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(ent 


rica 
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STRAI! 
Str 


Mech 


pp. 731 


earls 


conducted in Switzerland ; 


author as supplement 





his 
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rt 
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rod etrically welded boilers ind STEEI STRUCTURES Designing Slev 
he hed in the June 1026, issu Structures for Arce-Welded Connections, A 
doy M. Candy Engr. Soc. West Pa Proe,, vol 
PRENGTHENING. Use Ele 13, no, 1, Feb, 1927, pp. 103-114 and (di 
- Process to Strengthen Bridg cussion) 15-114 Result if test to show 
tot 29 no, 29, June 18, 1927, pp decided advantages which are mace ivailable 
fe) fg Chicago Great Western through use of are-welded instead of riveted 
- J ind riveting in. increasing connection 
3 wil Leavenworth bridge; new covet TANK CONSTRUCTION Ar Welding 
fert n place Speeds in Tank Construction, RK l Win 
\ oJ ‘ MACHINE PARTS Uh kead Boiler Maker, vol ’s no. GO, Jum 
tric | ( | Welding of Cast-lron Machine 1927, pp. 177, 3 figs Use of proper elec 
' ! 1) ektrische Kaltschweissung von trodes at higher heat for any given worl 
ne i VMaschinenteilen), iH Kochen accomplishes gain in speed of manual opers 
Lomol ‘ iu. Kisen, vol, 47, no, 17, Apr tion 
on siaiaee of ine oe ye TURES pul ASI VS TWO PHLASI CUR 
ni elding of heavy machine part RENT fwo-Phase or Three-Phase Current 
. for Eleetric Are Welding Zwei- oder drei 
phasenstrom fiir die elektrische bogenschweis 
etion | ELECTRIC WELDING, ARC ung?), M. Zack Autogene Metall 
near OILER PLATI Arc Welding of Boile bearbeitung, vol pO, nO », Mat 1, 1oe4 
Hn ( Shaposhikoff, @ Keaatyenko and pp. 73-75, 4 tgs Point out manifold ad 
i. py i or Paonomit Mineralogy & vantages of three-phase rotary current et 
wtlol rat | 1927. 76 pp 25 -fig abling simultaneous welding with two ele 
Wing ; 7 . trodes one of which may be metal and othe 
chemical analysis, and metal 
POW die of V and double-V welds, carbon, ete.; commend use of three phas 
rial Mining and Metallurgical Labora rotary are-welding  transformet where only 
; two-phase rotary current is available 
er of Lenir id; joining plates, new with 
istrial d with old; results of strength 
‘liani tests very satisfactory; favors ELECTRICAL MACHINERY 
pp . thinner plates, double V_ for WELDED STEEL CONSTRUCTION, Build 
elect mends annealing but object to ing Electrical Machinery Without Casting 
and tl f welds (In Russian, ) a Ss Brady Am Mach., vol 66, no Ain 
ILDINGS Construction Procedure on June 80, 1927, pp. 1079-1082, 8 fig Gen 
N \rc- Welded Buildings, A, G Bissell eral Electric Co.'s recently adopted police) 
Isenlos \ Rec vol. 98, no. 28, June 9, of substituting welded steel construction for 
werel- Ze 049.048 i figs All tabrication iron and steel castings in building of all of 
Li7-124 field with connections originally ce its large electrical machine units See ual 
betweer re welding: saving over lik description in tron Age, vol 119, no. 26, 
induct n June 30, 1927, pp. 1181-1184 
frequen 
of LILDINGS resting the Design beatur 
i] \ Welded Building, A. M. Candy FOUNDING 
209 4, no, 6, June 1927, pp HEROIG STATUARY Making  Heroi 
6 figs Tests fully demonstrat Statuary, P. Dwyer Foundry, vol Db. no 
POWER \) led joints can be constructed in 11, June 1, 1927, pp. 418-422 and 432, 7 
Cost is to develop fully ultimate figs Points out that technique em 
me (h tructural members connected ; ployed in molding and casting statuary and 
Knergir det can be connected to col other object of art either in base or preciou 
5 ot produce absolute fixation, et« metal has changed but little since biblical 
vent EARS Making Gears by Are Welding times with single exception that one man’ 
| é ng vol. 12, no. 6, June 1927, work is divided among many; practice of 
Nes i 6 figs Radical change in ap bronze founding of Gorham Co., Providence 
prowe ily an incident in change from R. | 
st per 
heating lanks to gear blanks made of 
more important features of FOUNDRIES 
wew Gteel-M oo Of GURTS ENG Compares DIRECT METAL PROCESS IN, Using 
Bev 5 Electric Welding of Pipes, J. F Direct Metal in Foundry Iron Age, vol 
thlofenu \ Inst. Elec, Engrs,—Jl., vol. 119, no, 26, June 380, 1927, pp. 1869-1872 ' 
Hitter ’ (i, June 1927, pp. 593-596 and (dis Blast-furnace iron and cupola iron mixed in 
y 4, 192 625-630 Advantages of are weld Ford plant to obtain desired analysis; ele« 
r new facturing instead of riveting o1 tric furnace controls temperature 
iffer n; these advantages for man 
lectrica He mabe are eapecially emphasized and =rURNACES, ANNEALING 
l wive on manufacture of pipe Me : ; 
ric ¢ cular pipe line, 90 mi. long, CONTINUOUS Continuous Furnace Used 
rade tomatic are welding is used; to Anneal Steel Castings Iron Age, vol 
f are welding pipe joints in 119, no, 26, June 30, 1927, p. 189% \n 
nealing period reduced as much as 2 hour 
VG STEEL BUILDINGS. _ Are-Welded Steel  "Y "otary-type oven at Detroit plant 
( STRAI G. D. Fish West, Soc, Engrs ‘ 
g Stray 1, Api May, 1927, pp. 142 FURNACES, GAS 
Mech hscussion) 151-160, 20° figs it INDUSTRIAL Laminous and Non-Lum 
. 2g i nes of about one-eighth of steel inous Klann in Industrial Gas Furnace 
arly ' designing for continuity of (Leuchtende und nichtleuchtende Flamme in 
1; cor lers, and prospect of erection industriellen Gasfeverungen), K. Huffelmann , 
his art ind vibration Feuerungstechnik, vol 15, nos 13, 14, 15 | 














































































































































































































































































































































































































































































































































































































318 TRANSACTIONS OF THE A. 8. 8. T. 








and 16, Apr. 1, 15, May 1 and 15, 
pp. 145-146, 160-163, 
7 Soot 


19°27, 
174-176 and 186 
187, 7 figs. removal in flame as result 
of combustion: heat radiation of flame us 
result of radiation of gas molecules and solid 
carbon; calculation of flame radiation based 
on practical example. 

PULVERIZED-OOAL- FIRED. Operating 
Experiences with Pulverized Coal Rolling 
Mill Furnaces ( Betriebserfahrungen mit 
kohlenstaubgefeuerten Walzwerksifen), \ 
Koegel. Stahl u. Eisen, vol. 47, no. 22, 
June 2, 1927, pp. 915-918 and (discussion) 
918-920, 12. figs. Reasons for installation 
of pulverized-coal furnaces in Klickner steel 
works; operating results 


FURNACES, HEATING 


PULVERIZED-COAL-FIRED., Status of 


Pulverized-Coal Firing in Rolling Mills 
(Uebersicht ueber den Stand der Kohlen 
staubfeuerung in Walzwerken), G Bulle 


Stahl u. Eisen, vol. 47, no. 20, 
1927, pp. 817-826, 15 figs. 
disadvantages; types of 
naces, including ingot 
furnaces, 


May 19, 
Advantages and 
pulverized-coal fur 
heating and annealing 


HARDNESS 
MEASUREMENT, The 
Measures Hardness, W. W. 


Microcharacter 
Boone and Z Q. 


Deutsch. Metal Industry (N. Y.), vol. 25, 
no. 6, June 1927, p. 248, 4 figs. Recently 
developed method of testing for scratch 


hardness: microcharacter moves’ sapphire 


point under fixed pressure of three grams, 
over highly polished surface of material to 
be tested. 

TESTING Determination of the Fatigue 


Hardness of 
no. 5, May 
cillatory testing 
firm of Carl 


Metals. 
1927, pp. 


Eng. Progress, vol. 8 
131-182, 4 figs. Os 
machine manufactured by 
Schenck in Darmstadt permits 
of testing bar-shaped test pieces under ten 
sion and compression alternating at 500 
oscillations per second, 


HEAT TREATMENT 


PRACTICE, Metals and Their Heat 
Treatment, 8S. G. Williams. Roy. Aeronaut 
ical Soc.—J1., vol. 31, no. 198, June 1927, 


pp. 602-618, Deals with heat treatment of 
alloy steels and light alloys; points out that 
all functions of hardening and tempering can 
be better carried out if ideal temperatures 
are worked to; quenching oil is often not 
cold enough towards end of day. 


HOUSES 


STEEL. Standard Structural Sections 
Form Residence Framework, R, T. Mason. 
Iron Trade Rev., vol. 80, nos, 20, 21, 22 


and 238, May 19, May 26, June 2 and 9, 
1927, pp. 1277 and 1283, 13835 and 1343, 
1401 and 1441 and 1466; 5 figs. May 19: 
Progress made in building steel frame house. 
May 26: Gypsum board replaces wood 
sheathing. June 2: Speed and simplicity in 
steel-house erection. June 9: Discussion of 
costs and possibilities. 


STEEL. Steel Frame Adapted to Large 
Dwelling. Iron Age, vol. 120, no. 1, July 
7, 1927, p. 9. Nine-room steel frame dwel- 
ling being built in Pittsburgh; walls con- 
sist of 6-in, junior beam studs covered on 


















outside by 1%-in. cork board 
4-in. brick veneer securely { 
by wire ties. 

IRON 


DESULPHURIZING The 
kalies on Iron Baths (Ueb: 
ung von Alkalien auf Eisenbii 
enhever and H,. Ostermann 
aus dem Kaiser-Wilhelm-Inst 
forschung zu Diisseldorf, vol 
pp. 129-149, 2 figs. Theor 
reaction process; influence of 
on charges of different comp 
bon crucible; desulphurizing 
of soda and siliceous materia 
and calcium carbide; test 
metal; relation between desulp 
slags; effect of lime-soda mix 
ence of temperature and addit 
phurization; advantages and 
of alkaline desulphurization s 
stract in Giesserei, vol. 14, 1 
1927, pp. 305-307. 


LOW-TEMPERATURE PRODU: 
Iron Progress. Times Trade & k) s 
vol, 20, no, 465, June 4, 1927, ; 
temperature process for producti 
iron in granular form from o1 i 
eration; main stages of process 
Thomas Rowlands are distillat 
preliminary reduction of iron 
reduction of iron ore, magneti t 
of pure metallic iron, revival of spen 


PHASE TRANSFORMATION ¥ 
namics of Transformation in Iror 
modynamik der Umwandlungen des Eiser 
FF, Wever. Mitteilungen aus dem K 
Wilhelm- Institut fiir Eisenforscl 
Diisseldorf, vol. 9, no. 7, 1927, pp. 1 
12 figs. partly on supp. plate Def 
of phase and polymorphur transf 
special case of phase transformat 
ical study of phase transformation 


SILICON IN, The Quantative Det 
nation of Silicon in Iron (Beitrag 
tativen Bestimmung des Siliziums | 
P, Barkenhever and H. Ploum Mitt 
gen aus dem  Kaiser-Wilhelm-l 
Kisenforschung zu Diisseldorf, v 
1927, pp. 207-209, 2 figs. By 


iron in acid not all of silicon re 
SiO, but part of it remains in anoth 
bination and develops hydrogen with 


lies; quantity of this compound de; 
concentration and amount of diss 
presence of compound makes necessa 
ful annealing of residue under 

air, 


IRON ALLOYS 


BRINELL BALLS, 
Vanadium Alloy for Brinell Ba G. W 
Quick and L. Jordan. Am. Soc. St l 
ing—Trans., vol. 12, no. 1, July 1% 
3-24 and (discussion) 24-26 and 950 figs 
Special alloy of about 2.9 per 


FOR lron-( 


per cent vanadium has been exp 

used for Brinell balls in testing 

of such hardnesses as cause ordinary Bi 
balls to deform both elastically . 
tically; these special balls, heat-treal 
work-hardened, and tested again teels 
approximately 700 Brinell, flattened 


one-half as much as Hultgren ba 
ordinary Bb 


fifth as much as 









board 


The 
Uebe: 
sen bil 
nann 
Insti 
vol, ¥ 
Theor: 
ce of 
comp 
izing 
aterial 
test 
desulph 
da Hx 
addit 
and 
tion s 
l4, n 19. 


PRODUC’ PLON 
rade & Kk) x 
1927, 
producti 

rom ors it 
process 
distillat 

iron 
magnet i: 
Vival of pen 


ATION The 
in Iron (Zu 
lungen des | 
» aus dem K 
Eisenforsch 
1927, pp. 151 
plat Defi 
ir transformat 
ransformat 
isformation 


Quantative Det 
(Beitrag zur quant 
Siliziums im |} 
Ploum Mit 
Vilhelm-Instit 
dorf, vol. 9 
gs. By s 
silicon remair 
ins in anoth 
ydrogt nh with 
mpound deper 
of dissolving 
akes hecessal 
under adn 


TOR, lron-( 
inell Balls, G. W 
m. Soc. Steel | 

1, July 192 
-26 and 50, figs 
o per l 


been expe 
in testing 
use ordinary Brin 
lastically and p! 
balls, heat-treat 
d again 


ell, flattened at 
igren ball nd 
vary Br 





vardness obtainable in plain 

combined heat treatment and 
iximum hardness to be secured 

ent, irrespective of composi 
ic shown to be untrue; dif 
fattening between iron-carbon 
| Hultgren balls does not, how 
hiv effect hardness number of 
700) Brinell 


.OURLE CARBIDES. Double Carbides of 
Chromium (Die Phasen “Fe,C, 
CrioCeFeg, die ‘“‘physikalische 
iconalyse’), F. Sauerwald, H. Neu 

J. Rudolph. Zeit. fiir anor 
alleemeime Chemie, vol, 161, 

\y », 1927, pp. 316-320. Authors 
that if double carbides ‘FegC, 

1] exists, it should be possible by 

table mixture of iron, chromium 

irbon to obtain an alloy of correspond 
position and this should show homo 
nicrostructure; if alloy of this com 
» shows definitely duplex microstruc 
strong evidence against existence 


in question See translated ab 
Metallurgist (Supp. to Engineer), 

\V 7, 1927, p. 66 
IRON-COPPER The Mixture f Molten 
n-Coppet Allovs (Ueber die Mischungs 
n fliissigen EKisen-Kupfer-Legierungen), 
\ Miiller Mitteilungen aus dem Kaiser 
Institut fiir Eisenforschung zu Diis 
rf. vol. 9, no, 9, 1927, pp. 173-175, 12 
partly on supp. plates, Results of 
illoy of equal parts of iron and 


show that in molten condition gup 
eak exists in mixture with lower eri 
nt at about 1500 deg. cent. 


IRON-MANGANESE, Thermal Changes in 
Manganese Allovs Low in Carbon, R 
field Rov Soc Proc., vol 115, no 


June 1 1927, pp. 120-132. As re 

f research author has found that low 
illovs deseribed, wen heat treated 
jienched, do not possess remarkable 
nation of tenacitv and dveetilitv. dis 
ed by manganese steel in anything like 


legres 


IRON AND STEEL 


CORROSION Report of Committee A-5 
Corrosion of Iron and Steel Am. So 
ng Matls,—-Advance paper, no. 12, for 

tg. June 20-24, 1927, 72 pp., 22 figs. partls 


supp. plate Report on inspection of 
Sheridan and Annapolis tests; specifi 
for zine-coated products; zine-coated 


testing gine-coated iron and _ steel 
gilvanized) wire and wire products, iron or 
| telephone and telegraph line wires, iron 
teel tie wires, wire fencing, chain-link 
ibric galvanized before weaving, chain 
fence fabrie galvanized after weaving; 

s of testing; field tests of metallic 
IMPURITIES, EFFECT OF. Influence of 
purities on the Properties of Iron and 
Steel, H. M. Boylston. Fuels & Furnaces, 
! », May 1927, pp. 569-576, 7 figs 
ences of varying amounts of impurities 
iddition of alloying elements on prop 
f n and steel; effect of heat treat 


1 


SILICIO ACID IN, The Determination of 
\cid in Iron and Steel (Ueber die 
sun ng der Kieselsiiure in Eisen und 


ENGINEERING 


INDEX 319 





Stahl), FP Bardenheuer and P Dickens 


Mitteilungen aus dem Kaiser-Wilhelm-In 
stitut flir EKisenforschung zu Diisseldorf, vol 
9, no, 11, 1927, pp. 195-206, 5 figs Dis 


cusses different methods of determination and 
describes new apparatus 


IRON CASTINGS 


DEFECTIVE Defective Castings lron 
& Steel Industry and Brit. Foundryman, vol 
1, no. 38, June 8, 1927, pp. 55-57 and 64, 
10 figs Account of some wasters, problem 
which they present and remedies applied, 
purely from practical point of view 


GAS HOLES. Absorbed Gases in tron 
and the Creation of Gas-Holes in Castings, 
B. Hird Foundry Trade J1., vol. 835, me 
65, June 16, 1927, pp 195-407, 3 figr s As 
result of experiments and past experienc 
following conclusions are arrived at: sprigs, 
chaplets, studs, ete., are always source of 
danger; their contact with molten metal in 
mold si:ould be avoided wherever possible 
when chills, or metal inserts of any kind, 
are used in molds in contact with molten 
metal, vent holes should be put in them to 
allow gases to escape; where chills ar 
brought up to high temperature in = mold 
thev should be renewed at frequent inter 
vals; molds having inserts should be poured 
with metal as dull as is consistent with typ 
of casting; amount of gas given off b 
cyills, ete., is largely influenced by temper 
ature to which thev are raised by moiten 
metal in mold, before solidification takes 
place; all cast metals give off gases when 
liquid and during solidification until they 
reuch point well below dull red, 


LARGE. The Manufacture of Large Cast 
ings (La Fabrication des Grosses piéces en 


fonte), HH. Fabre. Fonderie Moderne, vol 
21, May 25, 1927, pp 125-131, 4. figs 
Deals with castings of larg dimensions 


which present difficulties in molding; ma 
terial employed, patternmaking, molding, de 
fects, ete, 


IRON FOUNDING 

SIXTEENTH CENTURY The History of 
Iron Founding in the Sixteenth Century (Zin 
Geschicte der Eisengiesserei im 16. Jahr 
hundert), P. Martell. Giesserei, vol. 14, no 
23, June 4, 1927, pp. 370-373 Through in 
troduction of blast-furnace’ practice, which 
began in France and Italy, greater develop 
ment of iron foundries was possible; review 
of work bv Italian, Vanuecio Biringuccio, 
containing information on processes used in 
middle ages for production of bronze cannon, 
furnace plates, vessels, ete 


IRON, PIG 


DEPHOSPHORIZATION Practical Assays 
on the Dephosphorization of Pig Iron (Saggi 
pratici di defosforazione della ghisa), A 
Angiolani. Industria, vol. 41, no. 8, Feb. 
15, 1927, pp. 59-62. Theoretical discussion 
of chemistry and thermodynamics of dephos 
phorization by means of oxides of Ca, Mn 
and Fe; also results of experiments made in 
Italy to determine proportions required for 
slag formation and treatment of iron. 


SILICON IN, Critical Investigation of 
Method of Determining Silicon in Pig Iron 
and Steel (Kritische Untersuchung der Ver 
fahren zur Siliziumbestimmung in Rohcisen 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TRANSACTIONS 








und Stahl), A. Stadelet 
17, no. 23, June 9, 
different 
icon, and 


Stahl u. Eisen, vol 

V66-9690 Dis 
determining sil 
investigations of 
iron and steel of differ 
silicon contents of 4 to less 
cent; advantages and disadvan 


1927, pp 
methods of 
critical 
on specimens of pig 
ent kinds with 
than .O1 per 


tages of processes 


CUBSECS 


processes 


LABORATORIES 


FOUNDRY Laboratories and 
Beecroft & Partners, Limited 
Ji.. vol. 35. no 65, June 16, 1927, pp 
103-504, 2 figs Laboratories comprise bal 
ance and combustion room, which is equipped 


Works of 
Foundry Trade 


with gas-fired 4-tube carbon combustion fur 
nace fitted with Huxley type of special muffle 

reference is mack to carbon train of 
this furnace as into this important modi 


fications have been introduced by laboratory 


staff 


METALLURGICAL The Metallurgical 
Laboratory at the Exposition of the Fiftieth 
Anniversary of the French Association = for 
the Advancement of Science (Le 
de métallurgie A Vexposition du 
aire de JV’Association Francaise pour lTAv 
incement des Sciences) KE R. Simonnet, 
Revue de Metallurgie, vol. 24, no 1, Apr 
1927, pp. 194-199, 2 figs. Deals with re 
search in metallography, radio-met 


Laboratoire 
cinquanten 


physics, 


illography, mechanical tests, thermal treat 
ment, physico-chemical tests and new alloys 
LEAD ALLOYS 

CABLE SHEATH Fatigue Studies of 
Ve lephone Cable Sheath Alloys, J. R. Town 
send Am Soc Testing Matls advance 
paper, no, 89, for mtg., June 20-24, 1927 
13 pp., 12. figs Fatigue studies of lead 


sheath for telephone cables, development of 
two forms of simulated service test and 
fatigue designed to test lead and 
special precautions necessary in 
fatique tests on soft 
failure of lead and 
allovs is bv intergranular 
of lead-antimony = alloys 
pears to solid 
in lead, proddicing 
as viewed under 


machine 
its alloys; 


carrving out metals 


lead-antimony 
failure; in 
repeated 
solubility of 
widened grain 
microscope 


fatigue 
cuse 
stress ap 
reduce antimony 


boundary 


OF 





THE 








elements; temperature and 
vation; action of COs and 
tization 
MANGANESE STEEL 
PROPERTIES Facts and 
cerning Steel end Heat 1 
Knowlton Am. Soc. Steel ‘1 
vol, 12, no, 1, July 1927, pp 
Effects of manganese in 


composit ion 
types of 


properties and 
manganese alloy ste: 
showing physical propertic 
itic manganese steels are | 
erties of high-manganese st: 
manganese in steel casting 
steels containing 
with other 


hangwaness 


alloving element 


METALLOGRAPHY 
ETOHING Report of Cor 

Metallography Am. Soc fe 
advance paper, no, 22, fo 


24, 1927, 5 pp., 2 figs N 
nickel silver; discussion by J 
on Etching of Steels with \ 
METALS 

AIRPLANE Metals it 
\irplane Flights Metal Ind 
vol. 25, no. 6, June 1927, 
Ryan plane is built largely of 
almost only metal part being | 
is made of duralumin; alun 


copper; brass, aluminum bror 


In engine 


DEFORMATION 
nation of Deformation Strength of M 
Means of Impact Test (Die | 
Formiinderungsfestigkeit von M 
den Stauchversuch), E. Siebel 
Mitteilungen aus Kaiser-W 
tut fiir Eisenforschung, zu DD 
9, no, 8, 1927, pp 157-171 
of application of tensile and 
defects of standard impact. test 
tribution and flow phenomena 
impact and with cone-impact 
tions in specimen; determinat 
cients of friction metallographi: 


RESISTANC! 


dem 





MALLEABLE CASTINGS 


STANDARDIZATION 
Foundry Practice (Normungsarbeiten im 
Giessereiwesen ) Giesserei-Zeitung, vol. 24, 
no, 12, June 15, 1927, pp. 341-342. Stand 
ardization of 


Standardization in 


malleable castings 


MALLEABLE IRON 
OLL-FIRED FURNACE FOR 


with Oil-Fired Reverberatory 
leable Casting 


Experiences 
Furnace in Mal 
(Betriebserfahrungen mit 
Oelflammofen in der Tempergiesserei), A. 
Zank| Giesserei-Zeit., vol 24, no 2, Jan 
15, 1927, pp. 35-38 Design of furnace and 
its use as mixer; temperature of exhaust 
gases and additional air; use of furnace for 
melting; oil consumption and operating re 
sults; advantages of this type of furnace 


PROPERTIES Malleable Iron (La Mal 
léable), M. Lerover. Fonderie Moderne, vol 
21, May 10, 1927, pp. 101-111, 6 figs. His 


dem 


torical review dealing with European and 
American malleable; constituents of alloys 
FeC; theory of graphitization; influence of 











EXPANSION AND SHRINK AC 
tation and Shrinking of Met 
et retrait des metaux), ¢ Me 
Universelle des Mines, vol. 14 
15, 1927, pp 995.999. In\ 
purpose of finding mechanical 
expansion and to determine 
with different metals; conclucd 
cient of expansion varies with 
it depends only on melting ten 
metals expand approximatels 
early in passing from 
ing temperature 
IMPURITIES. The Effect 
in Metals, C. J. Smithells W 
vol. 7, no. 40, 41 and 42, Aj M 





absolut 


June, 1927, pp. 184-191, 233-24 
314, 6 figs. Reviews exist 
knowledge of effect of various 
purity on structure; electrical 


metals and 
under headings 
impurities, and metal! 


MACHINE TOOLS.  Selectior M 
Times Trade & Eng. Supp., Vv 


ical properties of 
ure considered 
metallic 

















with metals 
spindles and 


°$31 Deals 
ind «columns ; 


ind chue KS 


Ll IZATION The Determina 

‘ture at the Beginning of Re 

(Jur Bestimmung der Tem 
Reginns der Rekristaliisation). 

ind G. Tammann Fuit iit 

| 19, no, 5, May 1927, pp 
. \ngle of slip of polished metal 
ted on another surface grow 
certain temperature; this tem 

hat of beginning of recrystalli 
levated temperature a polished 

ts high polish; temperature at 

ny of polished 

vise beginning of 


takes 
recrystalliza 


surtace 


SILIENCI Recent Research on the 
Metals at the Experimental In 
{ » Italian State Railways (La 


he sulla resilienza dei material 
‘Istituto Sperimentale dell 
Stato), P. Forcella Rivista 


Della Ferrovie Italiane, vol, 31, nos 
jan 15 and Feb 15, 1927, pp 
Results of 


SS 16 figs series 
rails. hooks, et« riving chem 


strength and em 
metallographic studies with pho 


ition, tensile 


i 
tOLLING AND 

n Rolling and 
} Walz- und 


FORGING 


Process 


PROCESS 
(Ver 
Schmiedevorgang), G 
Zeit. fiir Metallkunde, vol, 19, no 

Mi 1927, pp. 189-195, 21 figs. Roll 
{ tests show that for a com 
phenomena 


Forging 


! formation 


Ximate practical stress conditions ; 
esses occurring in rolling of sheet 
til ire due to irregular material dis 








SEPARATION FROM GAS PIASE Sep 
! f Metals from the Gas Phase 

! van metalen uit de gasphase), 

kK. Van Arkel Chemisch Weekblad, vol 
Xs, Feb. 19, 1927, pp. 90-96 Metals 

| elting point, of which easily dis 
volatile compounds are known, can 


ned in pure coherent form by 


f metal in atmosphere of vapor of 
nd: best results are obtained if com 
be prepared in evacuated apparatus in 
{ l to be deposited See brief 
ited wstract in Brit. Chem. Abstracts, 
rr: | 325 


STEAM TURBINES, 


St rurbine 


Materials 

Construction (Die Werk 

Dampfturbinenbau), A 

Vereines Deutscher In 

1. 71, no, 22, May 28, 

figs Present aim in 

n notched-bar effect in 

t ire strength of 

uperatures; influence of 

n strength properties ; 
rt ind for blaze. 


EFFECT OF 
Effect of 


heutigen 
Feit des 


rEMPERATURRE, 


nh Committee on 


Tempera 
‘ Properties of 

ge Matls Advance 
K. June 20-24, 1927, 4 pp 


societies ; future program 


SCOSITY., ‘The 


\ iscosity oft 








IN Gl \ I ERIN G 


tests 


heating 


Employed 


1927, pp 
turbine 
metals ; 
materials at 
manu 
materials for 


Joint 


Metals Am Soc. 
paper, no, 24, for 
Progress re 


Molten 
\lloys (Ueber die innere Reibung 
Metalle und 


Lerierungen), <A 







INDEX 





ind | Sauerwald 
yanische und allgemeine Chemie, vol 161, 
no, 1 and 2, Mar, 14, 1927, pp. 51-75, 9 


fies Measurement of viscosity of 


Dienas Zeit fiir no! 


antimony, 


copper, lead and their illoy svstem coppel 
antimony, copper-tin and lead-bismuth; com 
paratively high value for copper was found 
ind connection between molecular volume 
ind =o viscosity was pointed out, viz., the 


smaller the molecular volume = the 
viscosity; influence of 


on vVviseosity 


WEAR TESTING Weat 
als, H. J. French Am. Soc, Testing 

Advance paper, no 41, for mtg 
4, 1927, 19 pp. 11 fig Factors affecting 
wear of metals and difficulties encountered 
in making both laboratory and 
tests: two testing 
wearing properties of 
widely different 
uttention 18 


greater the 
composition of alloy 


Testing of Met 
Matis 


June 20 


seTViCc’ weiutl 
used in study of 
metals employed for 
Purposes ire deseribed and 
given in particular to initial 
surface condition and “filming” of metals in 
relation to employed in 
tests; summary of present 

testing of metals and results of ex 
perimental work to show that reproducible 
results and information consistent with prac 
tical experience can b 


machine 


procedure making 


wear Status of 


wear 


secured in laboratory 


NICKEL ALLOYS 


NEW SILVER New 
ilberlegierungen), C. Rothert and G, Dern 
Zeit. fiir Metallkunde, vol. 19, no. 4, Apr 
1927, pp 158-161, 10. fig 
varying copper, nickel and zine content es 
pecially on color and strength properties; as 
relatively good alloy, one containing 62° pe 
cent copper, 18 per cent nickel, and 20 per 
cent zine, is recommended: heat treatment 
und receryvstallization; best annealing tem 
perature 1s found to be S800 to 850 dew, cont 


Silver Alloy (Nou 


Influence ol 





NON-FERROUS METALS 


CORROSLON 
on Corrosion of 


Committes B-3 
Metals and Al 


Report of 
Non-Ferrous 


lovs Am, So Testing Matls Advances 
paper, no, 19, for mtg., June 20-24, 1927, 
1S pp Total-immersion tests; spray cor 


rosion test ; accelerated-electrolyti test 
atmospheric corrosion; liquid corrosion; gal 
vanie and electrolytic action 


SPECIFICATIONS Report of 
B-¥Y on Non-Ferrous Metals and 
Soc. Testing Matls 
for mtg. June 20-24, 
Proposed revisions of 
tive standards ; 
aluminum 


Committee 
Alloys Am 
Advance paper, no, 18, 

1927, 44 pp. 5 figs 
standards and tenta 
methods of analysis of light 
alloys; tentative specifications for 
copper tubing for refrigerators ; 
solder: vellow sand castings for gen 
eral purposes ; bronze castings in rough 
for locomotive wearing parts; car and tender 
journal lined ; 


brazing 
brass 


bearings, rolled zim 


OPEN-HEARTH FURNACES 


PROBLEMS. Discuss Open-Hearth Furnace 
Problems, ©C W Veach Blast Furnace & 
Steel Plant, vol. 15, no. 6, June 1927, pp 


278-279. 
technical 
ents; 


Problems discussed at 
session of open-hearth 
furnace roof and walls 
of particular interest. 


REGENERATION 
Regenerators, F. H 
120, no. 1, July 7 


semi-annual 
superintend 


were subjects 


Open-Hearth Furnace 
Loftus. Iron Age, vol, 
192?7, pp 10-12%, 2% figs 

































































































































































































































































































































































































































































































































































































































































































































































































































Elements of design for proper passages, heat 
absorption and strength; suggested type 


SUSPENDED FLAT ROOF. The Flat 
Suspended Open Hearth Roof, A, L. Foell 
Iron & Steel Engr., vol. 4, no. 6, June 1927, 
pp. 241-244, 5 figs Experiences of Donner 
Steel Co, with suspended type of roof 
WATER-COOLING Use of Water Cooling 
in Open Hearth Furnaces, W. Trinks. Fuels 
& Furnaces, vol. 5, no, 5, May 1927, pp 
o8O-5O86 Water cooling devices; 


tempera 
ture gradient through walls 


OXYACETYLENE CU'TYTING 


RISER REMOVAL FROM CASTINGS 
Heavy Steel Riser Cutting Acetylene Jl., 
vol, 28, no, 12, June 1927, pp. 561-562, 2 
figs Better steel castings can be made 
where oxyacetylene cutting torch is used 
for cutting risers 


OXVACETYLENE WELDING 


APPLICATIONS A Resume of the Fields 
of Application xy Acetylene Welding and 
Cutting, D,. 8. Lloyd. University of To 
ronto Eng. Soc.-—Trans., Apr. 1927, pp. 38 
48, 11 figs Describes only those applica 
tions of process which have been very suc 
cessful in reducing cost in the commercial 
field: deals with production, construction, 
repair, ete, 


IMPROVEMENTS IN. Technical and Ecce 
nomical Improvement in Autogenous Welding 
and Cutting Plants (Fragen der technischen 
und wirtschaftlichen Vervollkommnung der 
Autogenschweiss- und sechneidanlagen), W. 
Reinacher Autogene Metallbearbeitung, vol 
20, no. 8, Apr. 16, 1927, pp. 106-117, 9¥ 
figs Reviews and projects progress in design 
of generators particularly carbide hoppers, 
welding and cutting torches, pressure regu 
lating valves, added materials, processes, 
safety, ete.; experimental data on O:CgHy, re 
lation, critical remarks on Various patented 
devices and processes 


STEEL FURNITURE, eel Steel Fur 
niture Gas Welded, Acetylene Jl., vol. 28, 
no, 12, June 1927, pp. 554-557, 13 figs. 
Manufacturer of hospital equipment has de 
veloped welding as an essential process in 
production of strong and durable steel fur 
niture 


PIPE, CAST-IRON 

CENTRIFUGALLY CAST A New Pro 
cess for the Manufacture of Cast-Iron Pipes 
(Ein neues Verfahren zur Herstellung guss 
eiserner Rédhren), M. von Anacker. Schweiz 
erische Bauzeitung, vol. 89, no. 21, May 21, 
1927, pp. 280-284, 5 figs. Improved cen 
trifugal-casting method by F. Arens, former 
collaborator of de Lavaud; results of strength 
tests; one feature of process is that ingot 
mold never comes to complete stop 


PIPE, STEEL 

WATER MAINS. Steel Water Pipes; Their 
Development and Use, ©. B, Varty. 8. Af 
rican Instn, of Engrs.——Jl., vol. 25, no. 9, 
Apr. 1927, pp. 158-170, 4 figs. Deals with 
development of process of manufacture and 
comments on merits and demerits of steel 
mains for water purposes; deals with weld 
ing, rolling, casting, surface treatment, etc. 





TRANSACTIONS OF 





REFRACTORIES 
ALKALIES, 


fract 
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s, G 


3 figs. Di 
compounds in 
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S. Evans 
June 192 


scussion ¢ 


7, py 


Ol 
sec 


iels 


rf present 


foundry indust 


refining molten iron from « 

reservoir ladle or forehearth 
in crane ladle, as final slag 
malleable practice, for fluxing 
and gas fired furnaces and 

Abstract of pape presented | 
fractories Inst 
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of Special Materials of Superi 


Rivets of Steel 
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8, no, 1 
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Structures 
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Sondermat 
EKisenbauten) 


advantages of 


inder pro 
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MILLS 
Anti-Friction 


Dirt 
bh a, 

1999 
usiliy 
ronditi 


Roll Necks of Rolling Mills, | 
Iron & Steel Engr., 
pp. 274-276. There 
advantages that use 


offer, 
these 
about 


which are not 
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bearings 


vol 
*> are 


gag 
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Wit 
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and \ Dahmen Mitteilungen aus dem 
Kaiser-Wilhelm-Institut fiir EKisenforschung 
zu Diisseldorf, vol. 9, no. 3, 1927, pp. 33-52, 
37. figs Review of investigation heretofore 


carried out which in authors’ opinion give a 
confused idea of behavior of iron and othe 
metal alloys at high temperatures; based on 
his own investigation, elongation phenome 
non was followed: maximum load at which 
elongation ceases, is taken as true endurance ; 
tests on copper at room temperature and 
test on steel at 300, 400 and 500 deg. cent 
shows that process gives reproducible val 
ues; points out applicability of process to 
series of carbon steel and to boiler plate al 
loved and unalloyed; influence of pretreat 
ment on endurance at elevated temperature. 


HARDENING POINT Use of Pyrometer 
to Determine Hardening Point of Steel, A. 
F. Hanley Am. Mach., vol. 66, no. 23, 
June 9, 1927, pp. 986-987, 1 fig Method 
which may be employed to determine desired 
critical hardening temperature. 


HYDROGEN REDUCTION Influence of 
Silicon on Oxvgen Determination in Hvdro 
gen Stream (Der Einfluss des Siliziums auf 
die Sauerstoffbestimmung im  Wasserstoff 
strom), G. Thanheiser and C. A. Miiller. Mit 
teilungen aus dem _  Kaiser-Wilhelm-Institut 
fiir Eisenforschung zu Diisseldorf, vol. 9, no. 
12, 1927, pp. 211-213, 2 figs. Discusses 
present status of hydrogen-reduction process ; 
carbon determinations in silicated steels; ap- 
plication of hydrogen and reduction process 
is limited to silicon-free steel with low car 
bon content 


IDEAL VS. COMMERCIAL Ideal Versus 
Commercial Steels, J. D. Gat. Forging 
Stamping-Heat Treating, vol. 12, nos. 2, 3, 
and 4, Feb.. Mar. and Apr. 1927, pp. 38 
40 and 43, 79-83, and 124-128, 13 figs. Feb. 
Composition of steel and effect of alloys dis 
cussed from metallurgical viewpoint: influ 
ence of inclusions, Mar.: Open-hearth-fur 
nace practice determines inclusions and struc 
ture of metal; case-hardening, laminations; 
fiber and crystal formation. Apr.: Defects 
in ingots such as piping, segregation, liqua 
tion, banding and porosity; their formation 
studied, 

OXYGEN IN Oxygen in Steel and Non 
Hardenability, J. D. Gat. Blast Furnace & 
Steel Plant, vol. 15, no. 6, June 1927, pp. 
271-274, 8 figs. Oxygen probably present as 
iron, carbon, oxygen alloy; ternary alloy 
indicates non-hardenability; effects of car- 
bon and alloys 


PROPORTIONAL LIMIT. Determining the 
Proportional Limit of Steel, B. Kjerrman. 
Am. Soc. Steel Treating—Trans., vol. 12, 
no. 1, July 1927, pp. 41-45 In multiple 
screw tensile-testing machines eccentric pull 
on specimens is frequently experienced, and 
involves source of error especially when de 
termining proportional limit by means of 
Martens mirror extensometer: in order to 
obtain correct proportional limit from load 
deflection data, author proposes method of 
calculating elongation of specimen corre 
sponding to one load increment of about 1 or 
2 kg. per sq. mm.; assuming for steel 
modulus of elasticity of 28,400,000; in test 
limit thus found was same, whether load has 
been increased in many or in few steps, final 
load increments in both cases being same. 
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EATMEN' 


nagnant les traitements ther- 
wcier), A Portevin and \ 
Revue de Métallurgie, vol. 24, 
1927, pp 215-233, 15 figs. 
if deformation accompany 
of evylindrical steel pieces, 
it diverse temperatures fol 
d or slow cooling. 


VyELOPMENTS Resumé of the De 
f Steel Treating, J. F. Harper. 
\ vol. 66, no. 20, May 19, 1927, 


ee2-864. Brief discussion of few of most 


factors. 


LATOMETERS FOR, The Dilatometer 
H rreatment, S. P. Rockwell, Forg 
g ning-Heat Treating, vol. 13, no. 4, 
pp. 132-133 and 150, 8 figs. In 
ds volumetric changes in steel 
s heated; its application and op 

i in research work. 


ARDENING Hardening of Intricate 
1] Simon Machy., vol. 30, no. 765, 
) 1927, p. 292 Author’s practice in 


f many intricate and expensive 
experience had shown = that 
irdening methods applied bs 
xperie need toolmakers were not 
gas oven of pot type, with pot 
vas found preferable to other 
was suspended at end of wire 
f oven: oven was started at black 
temperature raised so gradually) 
! part of work was seen to be 
heated even slightly faster than re 
t was considered to be proof of 


heating 
HARDENING AND TEMPERING. Heat 
ting Equipment Toronto Transporta 
Commission. Can. Ry. and Mar. World, 
1927, p. 350, 1 tig. Example of modern 


rdening and tempering practice is 

t Toronto Transportation Commis 
lillerest shops, where two modern 
me electric and other’ gas-fired, 

vith heat-regulating and recording 

s, and well laid out quenching tanks, 
[ARDENING AND TEMPERING. The 
position of the Austenitic Structure 
Steel, O. E. Harder and R. L. Dowdell. 
Sox Steel Treating—tTrans., vol. 12, 
July, 1927, pp. 51-63 and (discussion) 

8 Proposed theory for hardening and 
g of steels; theory discusses in ad 
decomposition of austenite struc- 
ons on heating steels above criti- 
ts, changes which take place while 
ng at temperature, changes which take 
t irious rates of cooling, and, fi 
inges which take place on reheat- 
lened steels to various temperatures 

VY critical for different lengths of time. 
LIQUID HEATING MEDIA. Heat Treat- 
t and Metallography of Steel, H. C. 
Forging-Stamping-Heat Treating, vol. 
t+, Apr. 1927, pp. 144-149, 4 figs. 
eating mediums; oil, salt and lead 
juid-bath furnaces: melting medium ; 


} 


METHODS AND EQUIPMENT. Heat- 
ting at Brown & Sharpe’s, E. Sheldon. 


Mach., vol. 66, no. 17 and 18, Apr. 
nd May 5, 1927, pp. 679-682 and 
l4 figs. Apr. 28: Department 


tw 


sections; one section handles 





ENGINEERING 





INDEX 





high-speed steel exclusively; dual heating 
units provided: automatically controlled 
electric furnaces draw high-speed _ steels 
May 5: Electric furnaces are employed to 
harden cutters; selective hardening; vari 
ous types of furnaces for other work; tem 
pering is done as separate operation 


QUENCHING, A Neglected Phenomenon 


in Heat Treatment, B. Egeberg. Am. Soc. 
Steel Treating—Trans., vol. 12, no. 1, July 
1927, pp. 46-50. Quenching temperature is 


generally determined in relation to critical 
point in heating; many chromium-nickel 
steels, however, show considerable difference 
between critical points and it is believed 
that this fact is not generally considered; 
by quenching piece of steel, in which there 
is. considerable difference between Ac and 
Ar points, at temperature close to Ar point 
rather than Ac point, advantages of lower 
quenching temperature are gained; maxi 
mum hardness and tensile strength with 
suitable elongation are obtained and it is 
believed that less dimensional change takes 
place and that hardening cracks may be 
eliminated. 

ROCK-DRILL STEEL. Heat Treating 
Rock Drill Steel, W. P. Goss, Can. Machy 
vol. 37, no. 23, June 9, 1927, pp. 17-18 
Poor drills may be due to overheating before 
forging, improper forging, or wrong heat 
treatment; hardening treatment should fit 
composition of steel and character of work 


to be drilled, 


TERMINOLOGY. Report of Committee 
A-4 on Heat Treatment of Iron and Steel. 
Am. Soc. for Testing Matls.—advance paper, 
no. 11, for mtg., June 20-24, 1927, 5 pp., 
2 figs. Proposed tentative definitions of 
terms relating to heat-treatment operations. 


STEEL INDUSTRY 

ELECTRICAL DEVELOPMENTS E lec 
trical Developments in the Iron and Steel 
Industry, W. H. Burr. Iron & Steel Engr., 
vol. 4, no. 6, June 1927, pp. 297-302. 
Main-roll drives; steel-mill cranes; power 
houses; underground cables; lifting mag 
nets: magnetic breakers, etc. 


STEEL MANUFACTURE 


DIRECT. Direct Production of Steel 
from Ore (La produzione diretta dell acciaio 
dai minerale), R. Catani. Metallurgia 


Italiana, vol. 9, no. 4, April 1927, pp. 
146-159. Electric and non-electric proces- 
ses; direct and indirect reduction of fer 
rous ores in electric furnaces, 


DIRECT. Direct Steel Making at Ud- 
deholm. Swedish Export, vol. 11, no. 6, 
June 1927, p. 61. Preliminary account of 
pending trials with Flodin direct  steel- 
making process; analysis of steel produced 
has been quite satisfactory, barring too high 
percentage of sulphur; steel has nevertheless 
not been red-short: phosphorus content has 
kept exceptionally low; steel has been rolled 
for various purposes, and has also been made 
into rolled and cold-drawn tubes, proving 
quite satisfactory for these processes. 


ELECTRIC. The Manufacture of Steel in 
Electric Furnaces (Quelques points de détail 
sur la fabrication de Vacier au four élec- 
trique), E. Decherf. Revue Universells des 
Mines, vol. 14, no. 2 and 38, Apr. 15 and 
May 1, 1927, pp. 58-65 and 105-111. Types 


















































































































































































































































































































































































































































































































































































































































































































































































































































of reducing slags; degasification, desulphur 
ization with carbon slag; reduction and de 
sulphurization; action of fluorine on period 
of reduction. 


HIGH-GRADE STEEL. Producing and 
Treating Quality Steel, R. N. Williams, Can, 
Machy., vol. 37, no. 21, May 26, 1927, pp. 
23-24. Manufacture characteristics and treat 
ment necessary to obtain best results of 
higher qualities of steel of Sheffield, England, 
manufacture, for use in cutting tools and 
other exceptional duties. 


MELTING, Steel Melting (Nagra _ iaktt- 
agelser vid stalsmiltning), V. Déf. Jernkon 
torets Annaler, no, 1-5, 1927, pp. 257-262. 
Experiments and observations at Domnarf 
vets Steel Plant in the manufacture of low- 
carbon steel. 


PROCESSES. The Quality of Steel and 
Its Relation to Manufacturing Methods 
(Ueber Stahlqualitiiten und ihre Beziehungen 
zu den Herstellverfahren), P. Goerens. 
Kruppsche Monatshefte, vol. 8, Jan. and 
Feb. 1927, pp. 1-8 and 25-48, 31, figs. 
Discusses what is meant by quality of steel; 
it depends largely on amount and nature 
of impurities, whose effect again depends 
on form in which they are present, viz., 
in solid solution or as mechanically held 
compounds or inclusions; general require- 
ments of steel making; considers various 
problems in detail, including Bessemer pro- 
cess, basic Bessemer or Thomas, open hearth, 
crucible, and electric furnace processes. See 
also translated abstract in Metallurgist 
(supp. to Engineer), May 27, 1927, pp. 
75-78, 4 figs. 


RESEARCH. Fundamental Research in 
Steel Manufacture, C. H. Herty, Jr. Am. 
Soc. Steel Treat.—Trans., vol. 11, no. 6, 
June 1927, pp. 899-911 and (discussion) 
911-914 and 1015. Classifies problems en 
countered in making of steel and points out 
that field for fundamental research in its 
manufacture is astounding in its magnitude 
and intricacies; consideration of fundamental 
research which deals primarily with slag 
metal reactions giving particular attention to 
formation and elimination of non-metallic in 
clusions formed from manganese, silicon and 
aluminum. 


SCRAP CARBON PROCESS. The Scrap 
Carbon Process (Das  Schrottkohlungsver- 
fahren), R. Hennecke. Stahl u. Eisen, vol. 
47, no. 19, May 12, 1927, pp. 777-780, 1 
fig. Economic comparison between this proc- 
ess and scrap pig process; adaptability of 
scrap carbon process has been demonstrated. 


STEEL WORKS 

ELECTRIC DRIVE. Trends in the Ap 
plication of Steel Mill Electric Power Drives, 
A, J. Whitcomb. Indus, Engr., vol. 865, 
no, 6, June 1927, pp. 245-249. Present 
tendencies in solving problems of electrical 
distribution and conversion, and use of elec- 
tric heat. 

ELECTRIFICATION. Colorado Steel Mill 
Electrification. Iron Age, vol. 119, no. 17, 
Apr. 28, 1927, pp. 1205-1208, 8 figs. New 
power plant, motor drives, powdered-fuel 
plant and electrical cleaning of blast-furnace 
gas, 


LIGHTING. Fifteen Years of Steel Mill 
Illumination—-What Change? W. Harrison. 
Iron & Steel Engr., vol. 4, no. 6, June 1927, 
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News of the Society 


THE ANNUAL CONVENTION 





‘QUIPMENT worth more than $3,000,000 will be on exhibit the week of 
eptember 19, 1927, in Convention Hall, Detroit, during the Ninth 
‘nual National Steel and Machine Tool Exposition sponsored by the Ameri 
Society for Steel Treating. 
Practically all available space in Convention Hall has been contracted for. 
in previous years, the tendency of the exhibitors will be toward roomi 
ss, permitting a clear view of the exhibits from all angles without crowding. 
n»vention Hall makes available some 93,000 square feet, and over 95 per 
t of which have been reserved by over 275 exhibitors. 
Never before has there been such a representative grouping and exhibition 
ndustrial machinery and labor saving devices as will be on display in 
avention Hall, It has been estimated that the cost of shipping and handling 
of the materials which will be shown will exceed $600,000. The privilege 
‘ viewing such an array of modern equipment is open to all members of the 
ur participating societies and their guests. 
During the week of the exposition, the American Society for Steel Treat 
the Institute of Metals, the Society of Automotive Engineers, and the 
\merican Welding Society will be holding technical sessions in Hotel Statler \ 
nd the Book Cadillae, 


m all over the world will be in Detroit during the week of September 19 


It is estimated that more than 25,000 metal experts 


th a total attendance of 80,000 to 100,000 persons, 
The theater party, Tuesday evening; the grand ball, Wednesday even 
y; the annual banquet, Thursday evening, and the golf tournament are a2 


of the events which will make this convention a great success. 







NATIONAL METAL WEEK F 









Dee National Metal Week to be held in Detroit the week of September * 


19, 1927, the Institute of Metals, the American Welding Society, the 


— 


MER Rt ce hes 


Society of Automotive Engineers and the American Society for Steel Treating 
hold concurrently their annual or special meetings. At the same time the 
Ninth Annual National Steel and Machine Tool Exposition will be open in 
nvention Hall. 


iking one in the metal and metal treating history. 


The week of September 19, 1927, is destined to be an epoch 


With these four major 








swcieties each holding their business and technical sessions, together with the 

tgest educational industrial exposition ever held in the United States, an un 

ralleled opportunity is afforded thousands of persons to observe the produc 
and manufacturing methods of America’s leading industries. 

in addition to the National Steel and Machine Tool Exposition with its 


OE Sw SOS Be 


Yriad exhibitions and demonstrations of the latest developments in the metai 


tking and metal treating field, a most interesting plant inspection program 





s been arranged for all members and guests. 


Kiet 
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The program provides for inspection during every afternoon 
with the exception of Monday and an additional special trip is 


Friday morning. The schedule of plant inspection is as follows 


TUESDAY AFTERNOON, SEPTEMBER 20 


Cadillae Motor Car Co., Dodge Bros., Budd Wheel Co., Detroit 
ucts Co,, Detroit Copper and Brass Rolling Mills. 


WEDNESDAY AFTERNOON, SEPTEMBER 2°] 
Lincoln Motor Co., Hudson Motor Car Co., General Moto, 


Laboratories, Detroit Seamless Steel Tubes Co., Victor-Peninsular | 


TTHURSDAY, AFTERNOON, SEPTEMBER 22 


ord Motor Co.—River Rouge Plant, Chevrolet Motor Co., Bar: 


Raymond, Inc., Fisher Body Corporation, Park Chemical Co, S 
K’RIDAY MORNING, SEPTEMBER 23 


Packard Motor Car Co., Ford Motor Co., Highland Park Pla: 
Davis Co., Michigan Malleable Lron Co, 


IRIDAY AFTERNOON, SEPTEMBER 23 


ord Motor Co. at Fordson, Studebaker Corp., General Motors 


Grounds, Detroit Edison Co., Trenton Channel Plant. 


DEFINITIONS OF TERMS RELATING TO HEAT TREATMENT 
OPERATIONS 


(Especially as related to Ferrous Alloys) 


_— Joint Committee on Heat Treating Definitions composed ot 


tatives of the American Society for Testing Materials, Societ) 


motive Engineers, and the American Society for Steel Treating has f 
a set of definitions of terms relating to heat treating operations, es} 
related to ferrous alloys. 

These definitions have been approved in tentative form by 
societies, and will remain in tentative form for at least one year, durin; 
time suggestions and criticisms are invited so that the Joint Committ 
perfect the definitions to such an extent that they will be applicabl 
branches of the industry. 

The personnel of the Joint Committee is as follows: 

A. S. T. M. representatives:—John Howe Hall, H. M. Boylsto: 
Waterhouse. S. A. E. representatives:—George L. Norris, Stanley 
well, John A. Mathews. A. 8, 8S. T. representatives: —J. Fletcher I! 


J. Merten, Bradley Stoughton, J. Edward Donnellan, secretary. 


FOREWORD 


l. During recent years certain confusion has arisen in regs! 


meaning of commonly used heat treating terms. For instance, in on 
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ny operation of heating and cooling resulting in a softening of 


terial, is being called annealing, whereas in other places to ‘‘anneal’’ 
ve not primarily ‘‘to soften’’ but to heat to above the eritical temperature 
y slowly. Similar confusion as to meaning and application exists 


id to other terms and as a result ‘‘annealing’’, ‘‘tempering’’, ‘‘ normal 







are being used by different people, to mean widely different things. 
iny attempt to accurately define the terms commonly used in con 
th heat treatment, the first question to decide and the most important 
s; do the terms relate to the heat treatment operation itself, or to the 


ts obtained by the treatment? In other words, is the term indicative of 





structure or the condition obtained, or of the operation performed? 














\fter careful consideration, it appears most logical and most in keep 


‘ 


with present day usage to have the terms so defined that they shall mean 


te operations and shall not be considered as referring to the resultant 
tures or general conditions, 
i By ‘‘eritical temperature range’’, as used in the definitions, is meant 


iperature range illustrated by the following diagrams, taken from Howe, 


Heat Lreatment.—An Operation or combination of operations involving the 


eating and cooling of a metal or an alloy in the solid state. 


Nov! This is for the purpose of obtaining certain desirable conditions or properties 


lleating and cooling for the sole purpose of mechanical working are excluded from the 
eaning of this definition 













Vuenching.—Immersing to cool, 





Immersion may be in liquids, gases cr solids 













Hirdening.—Heating and quenching certain iron-base alloys from a tem 
perature either within or above the critical temperature range. 
aling.—Annealing is a heating and cooling operation of a material in 


the solid state. 















Annealing usually implies a relatively slow cooling 


NoTE 2 Annealing is a comprehensive term, The purpose of such a heat treatment 





remove stresses, 
induce softness. 









alter ductility, toughness, electrical, magnetic or other physical properties 
) refine the crystalline structure. 
remove gases, 






annealing the temperature of the operation and the rate of cooling 


u the material being heat treated and the purpose of the treatment. 
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Certain specific heat treatments coming under the compr 


‘annealing’? 


are: 

A. Normalizing.—Heating iron-base alloys above the arities 
range followed by cooling to below that range in still 
temperature, 

Note: In the case of hypereutectoid steel, it is often desiral 
the Acem line, as shown in Fig. 2. 
Spheroidizing.—Prolonged heating of iron-base alloys at 
in the neighborhood of, but generally slightly below, th: 
perature range, usually followed by relatively slow cooling 
Note 1.—In the case of small objecis of high carbon steels, 
result is achieved more rapidly by prolonged heating to temperat 
within and slightly below the critical temperature rangé 
Nore 2,—The object of this heat treatment is to produce a 
of the carbide. 
Tempering (also termed Drawing ).—Reheating, after h 
some temperature below the critical temperature range follo 
rate of cooling. 
Note 1.—Although the terms “tempering” and “drawing” 
synonymous as used in commercial practice, the term ‘‘tempering 
Norge 2.—-Tempering, meaning the operation of hardening followed | 
is a usage which is illogical and confusing in the present stat 
heat treating and should be discouraged, 

D. Malleableizing.—Malleableizing is a type of annealing op: 
slow cooling whereby combined carbon in white cast iro: 
formed to temper carbon and in some eases the carbon is 


moved from the iron, 
Norr.—-Temper carbon is free carbon in the form of rounded 
of an aggregate of minute crystals. 
Graphitizing.—Graphitizing is a type of annealing of cast iron w 
some or all of the combined carbon is transformed to fre« 
bined earbon. 
Carburizing (Cementation).—Adding carbon to iron-base alloys by 
the metal below its melting point in contact with carbonaceous m 


Nore.—-The term “‘carbonizing”’ used in this sense is undesirable and it 
discouraged, 


} 


Case Hardening.—Carburizing and subsequent hardening by suita 

treatment, all or part of the surface portions of a piece of iron-bas 

Case.—That portion of a carburized iron-base alloy article in wh 
carbon content has been substantially increased. 

Core.—That portion of a carburized iron-base alloy article in w! 


carbon content has not been substantially increased. 
NoTR The terms ‘case’? and ‘‘core’’ refer to both case hardening and ca 


Cyaniding.—Surface hardening of an iron-base alloy article 01 
it by heating at a suitable temperature in contact with a cya! 
followed by quenching. 





of iron-bas¢ 
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UNAUDITED PROFIT AND LOSS STATEMENT 
AMERICAN SOCIETY for STEEL TREATING 


For the period from January 1 to June 30, 1927 


$% 3 


AAvertiGIMM ccc crareccrccccces — $ 21,241.68 
Sales cares ses « sseee “ewe e 650.75 
Subseriptions ....... 2 ee, eee : oa 1,089. 





Medal Fund ......... 
y Exhibit Membership 


TOTAL INCOME ...ccccccevevees 4 $ 65,260.90 





5,600.00 









Campbell Memorial Lecture ...... Sica ake ae 2.30 
Expens@ .ccccccccscsccrereves s J vnek's 3,111.05 
vention Expense ...--eeeeeeeeeees 7 





t's Office .. Peete hee Peada Pea eee ee ee 434.98 
rer’s Office .. eee ay ee ee ee ee a ee a 2,327.70 
? eee cde oads dans ks oc ulin xas 1,861.09 


607.01 


\ nal Committees ..... bce ce orb soe he HR Oe 4 








TOTAL EXPENSE ........-s000:: ~ § 56,405.64 











EXCESS INCOME OVFR EXPENSE . $ 8,855.31 


BALANCE SHEET 
As of June 30, 1927 







































Account . ge ates eee a«: oN Lae oe ees ae $ 15,945.62 
gs Accounts ..... heb ee ied Tea Ee tat ee (eg aes baie ek 28,925.58 
s R livable ..... ‘eth dee eer aa a eee Ne 7,802.54 
\ ] COE patel ae aS ie eee ee be ee Hens eee Hee 100.69 
sae & ome a at cue eae a re ea 82,846.25 yi 
Furniture and Fixtures .......0.eeeeeeeeeeees 2,083.24 : 
! is dineteetes £60. es 69 i end Gut ieee 4,129.95 
ntion Prepaid Expenses ........eeeseeeees 10,726.05 
TOTAE, AMTE nncccccccce Rteoe ole ——s« $1.5 2,559.92 
LIABILITIES, RESERVES AND SUPPLIES 
\ B.i;, 0 ERE. Oe ee ee $ 1,948.01 . 
Convention Advance Reece ipts ear een IR 5HT5.31 


ee ee eo eee ee ee eee we hee 8 $5,515.05 ¢ 





salance from Surplus Adjustment Account. . 126.47 

m Bank Account ......ccccceseseces 1.44 
Income over Expense foe the period from 

January 1 to March 31, 1927, per statement... 8,855.3 
















‘OTAL LIABILITIES, RESERVES AND SURPLUS. $152,559.92 
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News of the Chapters 


STANDING OF THE CHAPTERS 







| URING the month of June there was 149 new and reinstat: 
while 59 were lost through arrears and 14 resignations and 4d 


ing a net gain for the month of 76 members. The total membe: 








Society on July 1 was 4,797. 
In the following tabulation there appears the relative member 


ing of the 32 chapters and 3 groups of the society as of July 1, 











GROUP 





I GROUP II GROUP 











1. Detroit 486 1. Hartford 154 1. Los Angeles 
2, Chicago 411 2. Milwaukee 127) = 2. ~ Tri-City 
3. Philadelphia 357 3. Lehigh Valley 126 63. New Haver 
4. Pittsburgh 346 4. Dayton 117 = =4. Washingto: 
5. Cleveland 327 5. Golden Gate 109 5. Southern Tier 
6. New York 277 ~=66. Canton-Mass. 105 6. Worcester 
7. Boston 255 7. Cineinnati 97 7. Rockford 
8. Indianapolis 95 8. Toronto 
9. Syracuse 91 9. Rochester 
10. Montreal 90 10. Columbus 
ll. St. Louis 84 11. Providenc: 
12. Buffalo 62 12. Schenectad 
13. North-West 54 13. Fort Wayn 


14. Springfield 
15. Notre Dame 




















GROUP I—Detroit had a net gain of 28 members last month du 
splendid work of E. O. Mann at the Chevrolet plant. It is quite possibl 
the Detroit chapter will be the first chapter in the Society to pass | 
membership mark. Chicago and Philadelphia both had small gains while Pitts 
burgh held its own. Cleveland and New York suffered slight losses v 
Boston gained. 

GROUP II—The first three chapters in this group suffered a loss 
members each, while Dayton, with a net gain of 17, advanced from 
ith place, displacing Golden Gate. Canton-Massillon now holds 6th 
having had a net increase of 15 members last month, which advanced 1 
position 10. The other chapters in the group remain in the same relat 
tions as last month. 

GROUP IlI—The tie last month between Los Angeles and Tri ‘ 
been broken ,and Los Angeles goes ahead with a net gain of 1, while Tri (! 
holds its own at 79. New Haven, in position 3 with a net gain of 3, Is Ms 
on the heels of Los Angeles and Tri City. Worcester, with a net gat 
advanced from 8th position to 6, displacing both Rockford and Toronto 
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~eaking the tie existing between Toronto and Worcester. The new group at 
iumbus with a net gain of 8 and a total membership of 56, advanced from 
10th place. 


CINCINNATI CHAPTER 








Grand Annual Ball was held jointly with the Engineers Club of Cin 
nati at the Pines Country Club, June 21, 1927. A number of methods for 


ng those who thought they were hot were demonstrated; in some cases the 


ing was so drastic as to break the member. An interesting display of 
us home made quenching solutions was in evidence. The composition of 






me of these mixtures was rather complex, but nevertheless they showed no 
dence of corroding the container and seemed to be very effective in action. 


\ fine dinner closed the meeting. Those who tasted the chicken enjoyed it very 







following officers were chosen at the Annual Election: 
\, J. Lueas, Supt., The Cincinnati Gear Co., Chairman. 
EK. M. Wise, Metallurgist, The Wadsworth Watch Case Co., Vice-Chairman. 
W. J. Lange, Metallurgist, Robert J. Anderson, Ine., Secretary-Treasurer. 
xecutive Committee : 










Professor G. M. Enos, University of Cincinnati. 
Professor Roy O. MeDuffy, University of Cincinnati. 
\. M. Salkover, Queen City Steel Treating Co. 

J, Hunter Nead, The American Rolling Mill Co. 

H. Stanley Binns, Cincinnati Milling Machine Co. 











J. W. Bolton, Metallurgist for The Lunkenheimer Co., Cincinnati, gave 4 
ry informative talk on, ‘‘ The Properties and Heat Treatment of Cast Lron.’’ 
Bolton first pointed out the numerous factors determining the strength of 
iron, the most important of these being the amount, form and distribution 
the graphite, which, is turn, is largely determined by the composition 
size of the casting. Photomicrographs were shown demonstrating the 
ypical structures obtainable with cast irons of several types. Curves were 








town correlating the hardness and the tensile strength of a large number of 
stings of wide range of composition and strength. The possibility of heat 
reating cast iron by heating above the critical and quenching was touched on 
ul aroused considerable interest. 








The audience left with the feeling that cast iron was an engineering 
terial of real merit in which strengths of from 10,000 to 50,000 pounds 


t square ineh could be obtained as desired if suitable care were used in the 
ndry, 





‘ 






Mareus Grossmann, metallurgical engineer for the Central Alloy Steel 
‘orp., spoke before the Cincinnati Chapter on the evening of May 24. The 
‘udject of the talk was the ‘‘ Heat Treatment of Alloy Steels including Stain- 


ess Steel, ’? 


Mr, 










Grossmann showed a number of slides demonstrating various failures; 
‘ome due to heat treatment and a number due to improper handling or to the 
hoiee of improper material. The parts ranged in size from that of the ram 
‘a forging hammer to that of a phonograph needle. Numerous photographs 
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were shown of parts that caused trouble in machining. Each of 
had been carefully studied and the cause of the difficulty determin 
is of more vital interest, the method of avoiding the trouble indi: 

The behaviour of the high chromium steels during heat tr. 
analyzed, and their behavior was correlated with that of the stra 
steels. The ternary system, iron-chromium-carbon, over the region 


to the steel treater, was described and the remarkable changes prod 


addition of chromium to carbon steels were shown. 
The meeting closed with a discussion of the application of hig 
steels to dies, with methods for protecting steel during hardening 


some of the factors influencing the propensity of steel to har 
quenched. E. M 


CLEVELAND CHAPTER 


The outing of Cleveland chapter A. S. 8. T. held June 29 at ( 
Country Club has been pronounced one of the most successful events whi 
chapter has staged. More than sixty-five members and guests turned 
the fun. Those who were unable to attend certainly missed a whal 
time. 

The winning baseball team headed by ‘‘6-Home Run Gurney’’ 
‘*Strike ’em out Benninghoff’’ pitching were awarded free dinner 
Professor Boylston acted as arbitrator and does not know yet why he was 
thrown in the swimming pool. 

Horse Shoe ‘‘Aces’’ Jackson and Kerslake, directed by ‘‘ Horse S| 
King Briggs,’’ walked away from all comers. 


In tennis, ‘‘Champs’’ 


Pulsifer and Adelson reigned supreme whi 
Donnellan ably managed the contests. 
The 18-hole blind handicap golf match produced some good scores, ‘'| 


,9 


Hardening’’ Wake Bell getting low gross of 90 and Frank Gibbons n 
to blind net 76 with a 75 net and Ed. Goodaire second with 74. For the g 
F. F. Griswold shot the low gross on the day with 82 while F. Lu Bal 
nearest net with 78. 

The event produced a number of new monikers for well known member 
namely, ‘‘No Putt Simpson’’, ‘‘One Putt Sykes’’, ‘‘Low Putt Kelly’’ 
‘*‘Long Drive Atlas Bill White.’’ 

Official photographer Bayless hopped from pillar to post shooting ever) 
everywhere, and had a hard time finding time to play his golf match. T 
movies will be shown at one of the first fall meetings. 

The water-dogs led by Sam Harris, Cooke, Morgan, Moeller, Fenner 
several of the other bathing beauties exhibited themselves both in and « 
the swimming pool. 

Dinner was served in the Clubhouse at 7:00 p. m., after which thé 
were awarded. A vote of appreciation was expressed for the excelle! 
cordial manner in which Mr. Hendrickson, club manager of Cedarhur 
sports Director, Mr. Newton, conducted the event. Both responded 
short talks and invited the chapter members back at any time. 


; 


Nearly $100.00 worth of prizes were awarded the ‘‘lucky’’ winner 
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[he bulk of the prizes were donated by the following companies 


ipter takes this opportunity of thanking them for their generosity : 


Atlas Steel Co. 


Lakeside Steel Improvement Co. 















Ww. S. Bidle Co. 8. Lamson and Sessions Co, ; 
Case Hardening Service Co. 9. National Lamp Works of G, FE, 
Cleveland Twist Drill Co. 10. Otis Steel Castings Co. 
Merry Cap and Set Screw Co. 11. Thompson Products Co. 


J. W. Kelley Co. 





Each prize Winner was called on for a speech by Chairman Harry Smith 

ey were awarded their prizes. 

fhe Outing Committee was headed by Bill White, assisted by Ray Bay- 
ss, Harry Smith, Bill Sykes and Jim Ayling. They wish to thank the mem 
rs of the chapter for the loyal support which put the outing over sv 


vely. 


MONTREAL CHAPTER 






rhe members and executives of the Montreal Chapter of the American 
society for Steel Treating forgot for the evening of May 30 the cares of 
fice, shop, foundry and laboratory and gathered in the Ladies Ordinary 
f the Windsor Hotel, Montreal, to celebrate with an executive dinner and 
ker the culmination of the first year of the chapter’s existence. 









\t the dinner preceding the meeting were present: C. F. Pascoe, Dr. 

\, Stansfield, Gordon Sproule, W. H. Eisenman, J. Fletcher Harper, A. W. 
Chacksfield, T. C. MeConkey, W. J. Pead, F. P. Petzold, F. H. Williams, 

‘obert Job, L. Lowry, A. Mathewson, and D. G. MacInnes. As the dinner 


is late in starting, there was iittle time to discuss any of the business ¢ 
t the chapter. Mr. Eisenman, secretary, and Mr. Harper, president of the ; 
mal organization, announced that if it were agreeable the Society’s ‘ 


mi-annual meeting would be held in Montreal next winter. Mr. Harper 


pressed the hope that it would be possible in the future for the parent or- 


ganization to keep in closer touch with the branches to their mutual ad ; 
x 
vantage, é 


The resolution was passed at the dinner that the national body be in 
ted to hold the semi-annual meeting at Montreal, and Mr. Mathewson, 
retary of the tourist bureau cf the Montreal Board of Trade, who was 
resent, pledged the support of his organization in assisting the convention. 
The opening events of the smoker were the presentation of the secre- 
y-treasurer’s and chairman’s report and the election of officers. The 
eports showed that the first year of the Montreal chapter had been a sutis- 
tory one, with more than 90 paid up members, and with an average at- 
dance ‘of 60 members at the monthly meetings during the year. The 
iss in metallurgy and steel treating had a registration of 60, and the 


Sata 


RE ate eR 


=e no MB tbe 








‘rage attendance at the lectures was 45. , 
The voting by ballot for the office of treasurer conceded that office to ; 
“ordon Sproule, lecturer at MeGill University. Dr. Stansfield resigned the 
ur to ©. R, Crook, secretary of the Canadian Railway Club, who read \ 
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the slate for the balance of the offices, and called for a single vot; their 
election. 

The officers for the year 1927-28 are: Honorary chairman, D; 
Stansfield, head of the department of metallurgy, McGill Universit 
man, C. F. Pascoe, metallurgist, Canadian Steel Foundries Ltd.; , 
man, Fred H. Williams, assistant test engineer, Canadian Nati: 
ways; secretary Duncan G. MacInnes, Quebee editor, Canadian Ma 
executive committee, Robert Job, vice-president, Milton Hersey Co 
J. Noakes, superintendent, Canadian Pneumatic Tool Co.; W. J. Pegg 
engineer, Montreal Light Heat & Power Cons.; W. J. Hall, salesman, Lion 
Grinding Wheels Ltd.; W. M. Townsend, superintendent, Montreal Locomp. 
tive Works; H. 8S. Weldon, Dominion Textile Co.; T. C. McConkey, superin- 
tendent, B. J. Coghlin Co.; F. P. Petzold, Simonds Canada Saw Co.; A. W, J. 
Chacksfield, Norton Steel Co.; and R. K. Linagh, test engineer, Canadian 
Pacific Railway. 


Following the election of officers Mr. Harper gave a short talk, and 


Alfred 
chair 
chair. 
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Robert 
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Mr. Eisenman entertained the audience with an account of their trip with 
Fred Williams and D. G. MacInnes to Brome Lake on Sunday, May 29, 
At Brome Lake, he continued, the party went by row boat to the island 


estate of Mr. Williams, and found none other than Charles Pascoe, who 


was peacefully engaged in his avocation of fishing. Thanks to his skill 
the party had fish for lunch, the cooking of which was supervised by Sidney 
Williams, the competent son of the former secretary. When the food was 
ready for eating, however, the temptation was too great for the cook, and 
the speaker had to take hold and demonstrate the results of his good train- 


ing at home. 

A dramatic moment was provided during the evening when Mr. Eisen- 
man, greeted like a long lost brother Lionel Marcotte, representative of the 
well known Canadian Club. 

The entertainment of the evening was provided by Allen Murray, 
formerly of the Dumbells, with a company of four dancers, Germaine 
Daigenault, Margaret Braye, Eleanor Campbell, and Bernice Campbell, and 
A. B. Light of Light Engraving Co., Montreal, well known boxing referee, 
with a series of four boxing bouts. 

Mr. Murray and his company proved their ability in 12 executed num 
bers, one of the finest being a concerted number in which he danced wi 
each girl in turn a different step, ending with an Apache dance. 

Mr. Light produced four boxing bouts that were lively enough to ! 
the interest of the audience at all times. Among the boxers appearing ¥ 
a dominion champion, a provincial champion and the champion of Nor 
in their particular classes. The entertainment concluded with a relay b 
in which three boxens took part, and the referee got most of the blows 

D. G. Maclnnes 
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